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ot Diag Allis-Chalmers Motor and Generator Reference 

Book is reprinted from the complete Electrical 
Reference Book published by the Electrical Moderni- 
zation Bureau and edited by Mr. E. S. Lincoln. Allis- 
‘Chalmers sponsored this section of the book and 
furnished all of the text and illustrations for the part 
on integral horsepower motors and generators. 


This is not intended to be a text book on the broad 
field of motors| and generators. It is rather a brief 
outline of information that we believe will assist in 
the selection of| motive power to handle most indus- 
trial applications. 


For specific information on any of the equipment 
described in thpse pages we suggest that you get in 
touch with the Allis-Chalmers sales office nearest 
you. A complete list is given at the end of the book. 


The ¢omplete Electrical Reference. book of over 1700 pages 
coverp the entire field of industrial electric operations 
from) service entrance equipment to power distribution 
and utilization. It can be obtained for $18.75 each from 
The Electrical Modernization ‘Bureau, Ine., 124 Mama- 


roneck Ave., White Plains, N. Y. a 
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MOTORS AND GENERATORS 


INTRODUCTION 


One of the most important functions of electricity 
is the production of mechanical power for industrial 
plants through the medium of electric motors. The 
millions of horsepower provided by electric motors 
have done much to make our modern standard of 
living possible. 


Motors, like all electrical equipment, have been 
developed to the point where they provide outstand- 
ing reliability and flexibility if they are properly 
applied. 


Basically, a motor is simply a means of producing 
mechanical power from electricity through change in 
the direction of a magnetic field. In ac motors, this 
change is produced by the current itself, while in de 
motors, the change is produced by a commutator, 
which acts as a switch to maintain the proper rela- 
tionship between the magnetism of the armature and 
field. In other words, both ac and de motors operate 
on the principle of magnetic induction, attraction 
and repulsion, and differ only in the method by which 
magnetic action is applied. 


This same principle and distinction also applies to 
generators. Electricity can be generated commercially 
only from motion produced by a prime mover. 


STANDARDIZATION 


The National Electrical Manufacturers Association, 
in cooperation with other organizations, such as the 
AIEE and ASA, has done much toward developing 
standards for motors and generators. The standards 
define products, processes and procedures with ref- 
erence to nomenclature, composition, construction, 
dimensions, tolerances, safety, performance, quality, 
rating, testing, and service. 


Fig. H-1. Squirrel-cage induction motor rated 250-hp, 
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While conformance to the standards 1s not com- 
pulsory, most manufacturers generally adhere to them. 
IIence the difference between products of various 
manufacturers is in the means by which the applicable 
standards are met. This is one of the main reasons 
why manufacturers’ descriptive literature emphasizes 
particular features of construction as the best. means 
of simplifying comparison of different makes. 

Standardization benefits both the manufacturer 
and the purchaser. The standards are designed to 
climinate misunderstanding between the manufacturer 
and purchaser and to assist the purchaser in selecting 
and obtaining the product for his particular need. 
Selection would be extremely difficult if every manu- 
facturer procecded on his own entirely independent 
way. In addition, the standards help promote pro- 
duction economies, which benefit both manufacturer 
and purchaser. 


MOTORS—GENERAL INFORMATION 


Today, industry is more dependent than ever on 
uninterrupted operation of electric motors in successive 
production steps. At the same time, the motors are 
subjected to increasingly severe operating conditions. 
In many modern plants, processing has become an 
integral part of the production line, and the electrical 
equipment may have to operate successfully in the 
presence of corrosive and explosive fumes, conducting 
and abrasive dusts, steam, vapor, or dripping or 
splashing liquids. © 

The insulation used on standard motors is suitable 
for most applications—ceven where moderate amounts 
of moisture, weak acids or alkalies, non-conducting 
abrasive dusts, oil, and so forth are present. But 
for unusually severe conditions, special insulation or 
enclosing features, or both, may be needed to give 
the motor a normal operating life. 


es 


Fig. H-2. Centrifugal compressor for brine-cooling 
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GENERAL | 
HORSEPOWER RATINGS 


otor manulacturefs, under the auspicss of NEMA, 
have agreed on certain rating standards based on 
definite operating conditions, such as voltage, fre- 
quency, speed, ambient temperature, etc. Standard 
horsepower ratings are given under the various motor 
divisions which follow. 

Open-type general-purpose motors are guaranteed 
to develop their rated) horsepower continuously with- 
out a temperature increase of more than 40 C above 
a normal ambient of room temperature of 40 C. 
Where enclosures are jused, motors generally operate 
at higher temperatures because of veatilating re- 
strictions. Such motors have temperature ratings of 
50, 55, 70, or 75 C, depending upon the type of en- 
closure and insulation: 

Open-type general-purpose motors, when operated 
at rated voltage (and frequency in the case of ac 
motors), will carry continuously 1.15 times. their 
rated load without injurious temperature rise. This 
is known as their service factor. (Alternating-current 
motors smaller than three hp have slightly larger service 
factors.) There may be slight differences in efficiency 
and power factor from ithose at rated load. 

For maximum efficiency, a motor that. will operate 
as near full load as possible should be selected. In 
most cases, the scamtalatiiies of the mazhine to be 
driven by the motor cah give the power requirements. 
If definite sng is not available, the best 


method of obtaining the power requirements of a 
given application is b | actual test, using a spare or 
rented motor. 

| 


EFFICIENCY 


The efficiency of a motor is the ratio of its output 
(or its input minus alli losses that take place in the 
motor) divided by its |input expressed in the same 
terms. 


ig. H-3. This centrifugal blower is driven by a 
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fliciency varies with the load placed on the motor 
if fs usually highest when the motor is fully loade 
a : : 
affected by variations of voltage and frequency. 


Large motors are more efficient than small motors 
Fpr the same horsepower ratings, high-speed motor. 
ate more efficient than low-specd motors becaus 
high-speed motors have lower losses since less materia 
is|required in their construction. Except for the large 
sizes, high-voltage motors (2300 volts and over) ar 
less efficient than low-voltage motors of the sam 
ratings, due to the greater space required for insulatin 
the windings. 


SPEED CHARACTERISTICS 


ixcept for synchronous motors, speeds of motors 
vary somewhat with their loads. This variation in 
spped is termed speed regulation and is expressed in 
percent of full-load speed. or a normal speed of 1750 
rpm a variation of 10 percent below normal would 
m¢an a loss of 175 rpm, resulting in a running speed 
of |1575 rpm. 


irect-current motor speeds depend upon the 
voltage of the circuit on which they operate and may 
be] increased or decreased by varying the supply 
voltage. Alternating-current motor speeds, however, 
depend upon the frequency of the circuit and cannot 
be] increased except by increasing the frequency of 
the circuit. 


ynchronous speeds for different ac frequencies are 
given in Table 1. These speeds apply directly to syn- 
chijonous motors. Inductiori motors operate at slightly 
lower specds due to the ship which is inherent in their 
design. 

peed limitations recommended by NEMA. for 
motors using belt, gear and chain drives are given 
by|Table 2. 


Fig.|H-4. These 3000 and 2500-hp direct-current 
BP8C:8042GRO01200450002ing mill. 


TABLE 1—SYNCHRONOUS SPEEDS—AC 
GENERATORS AND MOTORS 


Poles X Rpm 
120 
Number of Poles Revolutions per Minute When Frequency Is 


(Generator 
25 Cycles 50 Cycles 60 Cycles 


or Motor) 

1500 3000 3600 
750 1500 1800 
500 1000 1200 
375 750 900 
300 600 720 

: 500 : 600 
429 514 
875 450 
333 400 
300 
273 


Frequency = 


brid bdddddl 


MOTOR TORQUES 


One of the principal factors in the selection of the 
proper motor is the torque required by the driven 
machine from starting to shutdown. Following are 
the NEMA definitions of the torques that must be 
considered: 


The full-load torque of a motor is the torque 
necessary to produce its rated horsepower at full- 
load specd. In pounds at one foot radius it is equal 


to the horsepower times 5250 divided by the full- 


load. speed. 


The loched-rotor (static) torque of a motor is the 
minimum torque which it will develop at rest for 
all angular positions of the rotor, with rated voltage 
applied at rated frequency. 


The pull-up torque of an ac motor is the minimum 
external torque developed by the motor during the 
period of acceleration from rest to the speed at 
which breakdown torque occurs. For motors which 
do not have a definite breakdown torque, the pull- 
up torque is the minimum torque developed up to 
rated speed. 


The breakdown torque of an ac motor is the maxi- 
mum torque which it will develop with rated voltage 
applied at rated frequency, without an abrupt drop 
in specd. 


The pull-out torque o 


f a synchronous motor is the 
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TABLE 2—SPEED LIMITATION : 
AND CHAIN DRIVES 


This table, based on NEMA definitions, represents good 
practice (under normal operating conditions) for the use 
of these drives on motors and generators which are not 
provided with outboard bearings. 


Full-Load Rpm of Motor 
or Generator 


Above 


Flat-Belt Drive (1) 
2400 3600 
1800 2400 
1200 1800 
900 1200 
750 900 
720 750 
560 720 


V-Belt Drive (2) 
2400 3600 
1800 2400 
1200 1800 
900 1200 
750 900 
720 750 
560 720 


Gear Drive (3) (4) 
1500 1800 
1200 1500 
900 1200 
750 900 
560 750 


Chain Drive (5) 
2400 3600 
1800 2400 
1200 1800 
900 1200 
750 900 
720 750 
560 720 


(1) See NEMA MG1-3.13 for dimensions of standard pulleys 
and for limiting dimensions of pulleys. 


Maximum 
Kw Rating 
of Generator 


Maximum 
Hp Rating 
of Motor 


Including 


(2) Limiting dimensions of V-belt sheaves for general-purpose 
motors in frames 505 and smaller are given in 
MGI1-3.15. Limiting dimensions for V-belt sheaves for 
motors in frames larger than 505 have not been standardized; 
they are specified by the motor manufacturer. 


These values are based on the use of steel pinions. 


In general, for quiet o 
vibration, the peri 

itch diameter shoul 
‘urther information, 
and Inspection, Publication 
thereof. 


Limiting dimensions of chain-drive sprockets for general- 

urpose motors in frames 505 and smaller are given in| 
NEMA MG1-3.14. Limiting dimensions of chain-drive| 
sprockets for motors in frames larger than 505 have no 
poou standardized; they are specified by the motor manu 
acturer. ; 


NOTES: The above limitations are based on the use of pulleys 
etc., as standardized by N TMA. The limitations will be less than 
those given when motors are belted to low-speed drives, such 
as countershafts. 

The above values are not intended to 
dividing line below which the use o 
standard, but rather to establish a di 
indicate to the motor user what, the manufacturers consider t¢ 
be good practice in general service. 

The use of outboard bearings is approved and recommended 
ie belted motors in frame sizes of 250 hp, 575 to 600 rpm an¢ 
arger. 


Where an o 


pecified, it is assumed that th¢ 
e plate and slide rails, if re 
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| 
rated voltage applied at rated frequency and with 
normal excitation. | 


The pull-in torque of a synchronous motor is the 
maximum constant| torque under which the motor 
will pull its connected inertia load into synchronism, 
at rated voltage and frequency, when its field 
excitation is applied. 

The speed to which a synchronous motor will 
bring its load depends on the power required to 
drive it, and whether the motor can pull the load 
into step from this speed depends on the inertia of 
the revolving parts, so that the puil-in torque 
cannot be determined without having the Wk? as 
well as the torque of the load. 


The locked-rotor torque of a motor must be well 
above the torque required to start the driven machine 
from rest. This may |be anywhere from 10 to 250 
percent of full-load torque, depending upon the type 
of driven machine. Low voltage and the type of starter 
employed affect the lodked-rotor torque of the motor. 


The torque delivered by the motor (after breakaway) 
for acceleration to full specd must also be well in 
excess of the torque required by the driven machine. 
The greater this margin, the shorter will be the time 
required to accelerate the inertia (Wk?) of she rotating 
parts of the driven machine (and the motor rotor) 
o full speed. In other words, the time required for 
acceleration is a function of the torque available for 
his purpose and the Wk, (Note also the effect of 
oad inertia on pull-in torque of synchronous motors 
bs discussed under the NEMA definition above.) 


To prevent the motor from stalling, the breakdown 
br pull-out torque (see NEMA. definitions above) 
must be greater than the maximum torque required 
by the driven machine. | 


SULATION AND TEMPERATURE LIMITS 


Operating temperatures have a very pronounced 
difect on the opcratingj life of motors because the 
tpmperature, to a larga extent, determines the life 
of the insulation. The itype of insulation, in turn, 
getermines the maximum temperature allowable for 
rpasonable motor life. | 


NEMA has defined several classes of insulation for 
epnsideration in connection with temperature limits. 
he two most commonly used on motors and zenerators 
ate: | 
Class A: (1) Cotton, silk, paper and similar 
organic materials when either impregnated or 
immersed in a liquid! dielectric; (2) mclded and 
laminated materials with cellulose filler, phenolic 


esins and other resins of similar properties; (3) 
Ims and sheets of ¢ellulose acetate and other 
ellulose derivatives of| similar properties; and (4) 


arnishes (enamel) as. applie 
Approved For 
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Class B: Mica, asbestos, fiber glass and similar 
inorganic materials in: built-up form with organic 
binding substances. A: small portion of Class A 
material may be used for structural purposes only. 


The highest observable temperatures permissible 
for open machines, based on AIEE standards, are 
as follows: 


Class: A Insulation Class B Insulation 
Thermometer 90C 110 C 
Resistance 100 C 120 C 
100 € 120 C 

The limiting observable temperature for totally- 


erclosed machines is 5 C higher than for open machines. 


Tt should be noted that ~while a standard motor can 

¢ operated at the above temperatures without sacri- 
ficing the life expectancy of the insulation, the rating 
and other operating characteristics may be based on 
some other temperature. For example, open general- 
purpose ratings, which have Class A insulation, are 
rated 40 C rise based on a 40 C ambient temperature— 
that is, a total temperature of 80 C (by thermometer); 
in |this case, the additional permissible 10 C permits 
a service factor, as discussed earlier under the heading 
Harsepower Ratings. 


Drdinarily, Class A insulation is standard. Class B 
insulation, which is more expensive, is used principally 
to |permit higher operating temperatures but also 
affords some other advantages in high-voltage ma- 
chines. Some machines lend themselves to a combina- 
tion of the two classes of insulation. In some cases, 
the} additional cost of Class B insulation may be 

terbalanced by the fact that it may permit the 
use| of a smaller frame size for a given rating. Inter- 
mittent operation or adverse ambient conditions may 
require specially treated insulation. 


he mechanical protection features covered by the 
follawing definitions (NEMA unless otherwise noted) 
are in general available in and applicable to most ac 
and|de motors and generators. There are of course 

ptions. For example, the totally-enclosed non- 
ventilated type is limited to a few horsepower, after 
whidh the fan-cooled type takes over. Likewise, a 
totally-enclosed machine may be enclosed with air 
coolérs and use a recirculating ventilating system, but 
such] construction is generally confined to large high- 
spect machines having a specific rating over 1 hp 
(or Kva) per rpm. The internal construction of motors 
with|various degrees of enclosure is basically the same 
as that of open machines. 


Opeh Machines 


Anl open machine is one having ventilating openings 
which permit the passage of external cooling air over 
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Fig. H-8. Sectional view of splash-proof ‘squirrel- 


Fig. H-5. Sectional view of typical drip-proof, cage motor in general-purpose rating range. 


general-purpose, squirrel-cage induction motor. 


Fig. H-6. Typical construction for drip-proof, Fig. H-9. _Splash-proof construction typical of 
general-purpose, squirrel-cage induction motors. that used in the general-purpose rating range. 


Fig. H-7. Drip-proof construction of large motors Fig. H-10. Two-pole cage motors, such as this 
is illustrated by this 300-hp, 695-rpm machine. 2000-hp unit, frequently must be splash-proof. 


A drip-proof machine is an open machine in which A splash-proof machine is an open machine in which 
the ventilating openings are so constructed that drops the ventilating openings are so constructed that drops 
of liquid or solid particles falling on the machine at of liquid or solid particles falling on the machine or 
any angle not greater than 15 degrees from the vertical coming towards it in a straight line at any angle not 
cannot enter the machine either directly or by striking greater than 100 degrees from the vertical cannot 
and running along a horizontal or inwardly inclined enter the machine either directly or by striking and 
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Fig) H-14. This de motor ‘is semi-protected since it 
has expanded-metal covers over top half openings. 


| 
H-11. Large, splash-proof mofor of the 
pedestal-bearing type. 


Fig. H-15. &xpanded-metal covers on both top and 
bottom openings make this a protected dc motor. 


H-12. Splash-proof construction is also 
available in vertical motors. 


Fig. H-16. Drip-proof protected dc motors have solid 
and expanded-metal covers, as shown above. 


semi-protected machine is an open machine in 
which part of the ventilating openings in the machine, 
usually in the top half, are protected as in the case of 
a |“protected machine” but the others are left open. 


A protected machine is an open machine in which 
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Fig. H.13. Large weather-protected squirrel-cage 
A do 
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Such openings shall not excecd 1/2 square inch (3823 
square millimeters) in area and are of such shape as 
not to permit the passage of a rod larger than 1/2 inch 
(12.7 millimeters) in diametcr except where the dis- 
tance of exposed live parts from the guard is more 
than 4 inches (101.7 millimeters), the openings may 
be 3/4 square inch (484 square millimeters) in area 
and must be of such shape as not to permit the passage 
of a rod larger than 3/4 inch (19 millimeters) in 
diameter. (Fig. 15.) 

A. drip-proof fully protected machine is a drip-proof 
machine whose ventilating openings are protected 
in accordance with the preceding paragraph. (Jig. 16.) 


Fig. H-17. Installation view of open, externally 
ventilated de motor with frame-mounted blower. 


An open externally-ventilated machine is one which 
is ventilated by means of a separate motor-driven 
blower mounted on the machine enclosure. Mechanical 
protection may be as defined in the preceding para- 
graphs. (ag. 17.) 

An open pipe-ventilated machine is an open machine 
except that openings for the admission of the venti- 
lating air are so arranged that inlet ducts or pipes 
can be connected to them. This air may be circulated 
by means integral with the machine or by means 
external to and not a part of the machine. In the 
latter case, this machine is sometimes known as a 
separately or forced-ventilated machine. Enclosures 
may be as defined in preceding paragraphs. 

A weather-protected motor is an open motor (protected 
in accordance with that definition above) whose 
ventilating passages arc so designed as to minimize 
the cntrance of rain, snow and air-borne particles 
to the electrical parts. 


Note 1: ASA C-42 definition is: An open machine 
is a self-ventilated machine having no restriction 
to ventilation other than that necessitated by me- 
chanical construction. Thus, in the sense of this 
definition an open machine, when the term is used 
without qualification, is understood not to include 
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Fig. H-18. Tube-type, totally-enclosed, fan-cooled, 
wound-rotor motors installed outdoors. 


Note 2: Chicago covers consist of hinged perforated 
covers for all openings on the collector end of wound- 
rotor motors or the commutator end of de machines. 


Totally-Enclosed Machines 


A. totally-enclosed machine is one so enclosed as to 
prevent exchange of air between the inside and the 
outside of the case but not sufficiently enclosed to be 
termed air-tight. 

A totally-enclosed non-ventilated machine is a totally- 
enclosed machine which is not equipped for cooling 
by mcans external to the enclosing parts. (*¢g. 20.) 

A totally-enclosed fan-cooled machine is a totally- 
encloscd machine equipped for exterior cooling by 
means of a fan or fans integral with the machine but 


Fig. H-19. Outdoor installation of vertical, tube- 
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external to the enclosing parts. (Figs. 18, 19 and 30 
show fan-cooled motors in service. See also Figs. 21, 22 
and 28.) 


An explosion-proof| machine is a totally-enclosed 
machine whose enclosure is designed and constructed 
to: withstand an explqsion of a specified gas or vapor 
which may occur within it and to prevent the ignition 
of the specified gas or vapor surrounding the machine 
by sparks, flashes or! explosions of the spccified gas 
or vapor which may decur within the mschine casing. 
(Figs. 24, 26 and Si show typical explosion-proof 
motors.) 

Note: See page 10 for classification of hazards. 


Fig. H-20. Totally-enclosed non-ventilated design is 
limited to small motors—usually 2-hp or less. 


Fig. H-21. Totally-enclosed fan-cooled construction 
used for general-purpose ratings is shown above. 


Fig. H-22. Large TEFC motors need special cooling 
designs, such as the tube-type air-to-air hect exchan 
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gy. H-24, Explosion-proof construction is modifica- 
tion of tofally-enclosed fan-cooled design. 


y. H-25. Tube-fype cooling makes large totally- 
enclosed explosion-proof motors practical. 


A dust-explosion-proof machine is a totally-enclosed 
machine whose enclosure is designed and constructed 
so|as not to cause the ignition or explosion of an am- 
bient atmosphere of the specific dust, and also not to 
cahse the ignition of the dust on or around the machine. 


Wote 1: Successful operation of this type of machine 
equires avoidance of overheating from such causes 
Bs excessive overloads, stalling, or accumulation of 
bxcessive quantities of dust on the machine. 
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A water-proof machine is a totally-enclosed machine 
so constructed that it will exclude water applied in 
the form of a stream from a hose, except that leakage 
may occur around the shaft, provided it is prevented 
from entering the oil reservoir and provision is made 
for automatically draining the machine. The means 
for automatic draining may be a check valve or a 
tapped hole at the lowest part of the frame which will 
serve for application of a drain pipe. 


Note: A common form of test for a water-proof 
machine is to play on the machine a stream of water 
from a hose with a one-inch nozzle delivering at 
least 65 gpm from a distance of about 10 feet, from 
any direction, and for a period of not less than 5 
minutes. 


A totally-enclosed pipe-ventilated machine is a, totally- 
enclosed machine except for openings so arranged that 
inlet and outlet ducts or pipes may be connected to 
them for admission and discharge of the ventilating 
air. This air may be circulated by means integral with 
the machine or by means external to and not a part 
of the machine. In the latter case, these machines 
shall be known as separately or forced-ventilated 
machines. (Fig. 26.) 


Note: ASA definition of an enclosed, separately 
ventilated machine is a machine having openings 
for the admission and discharge of the ventilating 
air, which is circulated by means external to and 
not part of the machine, the machine being other- 
wise totally enclosed. These openings are so ar- 
ranged that inlet and outlet duct pipes may be 
connected to them. 


SERVICE CONDITIONS 


General-purpose 40 C motors are designed to give 
successful operation at rated load under the following 


Fig. H-26. Pipe-ventilated motor with top air 
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Fig.'H-27, Base ventilated motor with air intakes 
and discharge at the bottom of the stator yoke. 


Fig. H-28, Completely assembled cage motor using 
recirculating ventilating system with air cooler. 


service conditions defined by NEMA as usual: 
1. An ambient temperature not exceeding 40 C, 


A variation in voltage of not more than 10 
percent above or below the nameplate rating. 


A variation in frequency of not more than 5 
percent above or below the nameplate rating. 


A combined variation of voltage and frequency 
of not more than 10 percent above or below 


he nameplate rating, proyidi n 
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Fig. H-29. Splash-proof 75-hp cage motors were 
selected for chemical processing plant drive. 


5. An altitude not| exceeding 3300 feet (1000 
meters). 

6. Location or atmaspheric conditions as to dust, 
moisture or funjes which will not seriously 
interfere with the ventilation of the motor. 

7. Solid mounting and all belt and chain drives 
and gearing in accordance with adopted 
standards. | 

In general, since the service conditions to which such 

motors are subjected are uncontrolled and not subject 
to exact determination] the basis of rating chosen, in 
accordance with NEMA standards, provides a factor 
of safety of 10 C in temperature rise at 100 percent 
loading. 

Specific service conditions defined by NEMA as 

special service conditions more favorable than usual are: 

1. Operation at rated voltage and frequency. 


2. Individual appligation to a machine where the 
loads and duty ¢ycle are accurately: known and 
cannot be exceeded. 


Unusual Service Conditions 


Where apparatus isito be subject to any one or & 
combination of the following conditions, the manu- 
facturer should be consulted to make sure that the 
proper motor is selected: 

1. Exposure to st¢am or excessive moisture from 
other causes, su¢h as vapor or excessive splashing 
and dripping, as may be encountered in parts 
of dye houses, bleacheries, packing plants, 
paper mills, metal mines, ete. These conditions 
may require special insulation, low-voltage 
designs, and/ or enclosed motors. 

2. Exposure to t ‘e corrosive action of salt-laden 
air usually requires special consideration of 
insulation andj the use of non-corroding nuts, 
bolts and currént-collecting parts. 


Fig. 


8. 
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H-30. Dust in lime plant dictated selection of 


this 7%2-hp, totally-enclosed fan-cooled motor. 


ical, fertilizer and similar plants. Where the 
ambient atmosphere ‘contains corrosive or sol- 
vent agents harmful to the insulation or to 
current-collecting parts, the use of enclosed 
or separately ventilated motors may be necessary. 
Exposure to conducting or abrasive dusts, such 
as coal, coke, carbon, graphite, iron, etc. Even 
in small amounts these may be extremely 
harmful to insulation, and the use of enclosed 
motors is preferable: Open motors with special 
insulation may suffice for lower voltages. 

A combination of conductive or abrasive dusts 
plus sulphur fumes and moisture is often en- 
countered in power ‘plant boiler rooms around 
ash-handling and coal-pulverizing equipment. 
Exposure to hazardous atmospheres containing 
flammable or explosive gases or combustible or 
explosive dusts requires totally-enclosed explo- 
sion-proof motors. 


The National Electrical Code designates haz- 
ardous gas locations as Class I and hazardous 
dust-and-air locations as Class II. Class I is 
divided into Groups A, B, C, and D, Group A 
being the most hazardous and Group D being 
the least hazardous. Similarly, Class II is 
divided into Groups E, F, and G, Group E being 
the most hazardous and Group G being the 
least hazardous. Motors for Class I Groups A 
and B are generally not available. 

Exposure to lint, guch as encountered by tex- 
tile mill motors, may quickly clog ventilating 


passages of open , motors and make totally- 


enclosed motors desirable for looms, and special 
self-cleaning motors for spinning frames, etc. 
Exposure to abnormal shock or vibration may 
make special structural materials necessary. 
Exposure to ambient temperatures above 40 C 
(104 F). Where the windings will be subjected 
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Fig. H-31. Explosion-proof, fotally-enclosed fan- 
cooled motors were needed for oil pipe-line station. 


ture plus operating temperature rise) above 90 C 
for open motors, or 95 C for enclosed motors, 
Class B insulation is required. Maximums for 
Class B are 110 and 115 C respectively. 


Outdoor operation requires a degree of enclosure 
dependent on the climate involved. Usually 
totally-enclosed types are preferable. Splash- 
proof construction should be limited to the milder 
climates and lower voltages. Low ambient 
temperatures require special consideration of the 
bearing lubrication. In general, outdoor in- 
stallations are not recommended under condi- 


tions of extreme cold and heavy snows. 


Operation in poorly ventilated rooms or pits 
is undesirable. If such locations are unavoidable, 
means should be provided for separate forced 
ventilation to insure an ample volume of cooling 
air. 


TABLE 3—COMPARISON OF DC AND AC MOTORS 
Direct Current 


Limited to 230 
volts on ordinary 
circuits. 


Alternating Current 


Voltage Any standard volt- 
age available with 


use of transformers. 


Speed 


adjustment 


Simple. Difficult. 


Good. 


Unsatisfactory and 
heavy current— 
except wound- 
rotor motors. 


Efficiency High. 


Intermittent Good. 


starting service 


Starting 
currents 


Generally low. High for cage type. 


Maintenance Higher because of Low. 


commutator. 


Constant speed Shunt motor. Synchronous motor. 


Semi-constant 
speed 


Compound motor. Induction motor. 


Speed adjustable Shunt motor with In combination with 
but remaining _ field control. magnetic coup- 
constant lings. 


Speed varying Series motor. Wound-rotor motor 
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Fig. H-32. Special textile motors are available for 
applications like these cofton spinning frames. 


SELECTING A MOTOR 

There are many factors to be considered in selecting 
the right type of electric motor for a specific drive. 

First, the requirements of the machine to be driven 
must be considered. This involves not only establishing 
the motor size (which may be a problem in itself) but 
also consideration of other characteristics of the load 
which have a direct bearing on the type of motor to be 
selected. What is the required operating specd? Should 
it be constant, adjustable or variable? What are the 
torque requirements? These and many other factors 
must be considered if an intelligent selection is to be 
made. 

Second, there are questions of power supply. What 
current is available—direct or alternating? Should 
plant power factor be improved? Are there power 
company current limitations? 

Third, ambient conditions must be considered. Will 
the motor necd special protective enclosures? Special 
insulation? Separate ventilating equipment? 

Fourth, the available forms of motors must be 
weighed in relation to the characteristics desired, and 
the economics of initial and future costs must be 
investigated. 

Take a compressor for example. If initial cost is the 
main consideration and plant power factor can be 
ignored, a squirrel-cage induction motor is the obvious 
choice for small and medium sized compressors. For 
heavy-duty compressors requiring large motors, the 
smooth acceleration and low starting current of wound- 
rotor motors justifies their use. But if there are already 
numerous induction motors in the plant, the best 
choice may be a synchronous motor to provide cor- 
rective kva for plant power factor improvement. 

Tables 3 and 4 are provided as a general guide for 
use in selecting motors. Whenever there is any question 
about an application, the motor manufacturer should 
be furnished with as complete information as possible. 
Failure to do so might result in misapplication. Table 5 
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Fig. H-33. Sectional view through ring-oiled sleeve Fig. H-34. Partially dismantled capsule-type sleeve 
bearing used on large end-shield bearing motor, pearing of same type as'that shown in Fig. H-33. 


TABLE 4—MOTOR SELECTION TABLE 


MOTOR SYMBOL MOTOR SYMBOL 
Alternating Direct Alternating Direct 
APPLICATION Current Current APPLICATION Current Current 
Agitator 1A-1B-2B 6A Rock crusher 3A 6B-7 
Baler (power) 1D 6B-7 Sander 1A-1B 6B 
Ball mill | 1C-2B-3A 6B Sand mixer (centrifugal) 1c 6A 
Blower (positive pressure) IA-1B-2B-3A-4 6A. Saw (circular) IA-1B 6A 
Boring mill 2A-3A 6A-8 Saw (band) 1A-1B-1C-3A 6A-6B 
Buffer 1A-1B-2A 6A Screw machine 1A-1B 6A 
Cement kiln | 3A 8 oo Pee: d - 1A-1B 6A 
Compressor 1A-1B-1C-3A-4 6B-8 ae ee 
Conveyor | 1A-1C-2B-3A 6B-8 achinery ees De 
Gane | 1D-2A.3B 7 Stoker 1A-1B-1C-2B  6A-8 
Crusher 1A-1C-1D 6A4-6B Tumbling barrel 1c 6A 
Dough mixer 1A-1B-1C-2B — 6A-6B Wirlch 1D-3A 6B-8 
Drilling machine : 1A-1B-2A 6A-8 
Drying tumbler | 1A-1B-1D 6A EXPLANATION OF SYMBOLS 
Elevator | 1D-1E-2B-3B  — 6B-8 1. Sq mirror Cae, Con abies teed 
. A. Normal torque, normal starting current 
a Abeba ain, —_ prope ller) aeons eat i. Normal torque, low starting current 
! . (. High torque, low starting current 
Grinder _ 1A-1B-2A 6A [}. High torque, high slip 
| HM. Elevator 
Hammer (power) 1D 6B 
Hammer mill 1c 6A 2. Squirrel-Cage, Multi-Speed 
Hoist 1D-2A-3B 7 Al, Constant horsepower 
syiaes | aa Variable torque 
Rerseuter H oe oe ote: Classes ‘‘A,” “B” and “C” listed under “1” are 
Lathe | 1A-1B-2A 6A-8 also applicable to multi-speed motors. The listing (**A,” 
Laundry extractor j 1C-1D 6B *B? or *C”?) for the constant-speed motor indicates the 
Laundry washer 1 1A-1B-1D 6A farm of motor to use under “2.” For example: If the 
Line shaft 1A-1B 6A listing shows 1C-2B, then: the multi-speed, constant 
i ! = tgrque motor should also be high torque, low starting 
Metal grinder i 1A-1B 6A cdceece 
etal saw -« i 1A-1B 6A r ° 
Milling machine 1A-1B-2A 6A-8 3. Wound-Rotor 
Mill table 3A 8 "A General-purpose 
Mine hoist 3B 8 B, Crane and hoist 
Molder 1A-1B 6A 4. Stuch 
Ore grinder | 3A 8 a D ve pines é Speed 
. - tant- 
Pipe threader 1A-1B 6A Alshaceusdni ee 
aner 1A-1B 6A iS 
Polisher 1A-1B-2A 6A Pi Comnoaed wand : 
Printing press (job) | 1A-1B-3A 6B-8 7. Direct-Current, Variable-Specd, Series-Wound 
pening press (rotary and offset) 3A 6B-8 Note: Series motors must be connected directly to the 
DivErisek zo lohd (not belted). 


6B 
Pump (centrifugal) 1A-1B-2B-3A-4. 6B 
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Fig. H-35. Various types of ball bearings are used 
on motors. Above unit is a double-shielded type. 


required for various types of motors. To this the 
purchaser should, of course, add any other desired 
characteristics and features and indications of any 
unusual operating conditions. 


MOTOR BEARINGS 


Bearing design, including provision for lubrication 
and protection, forms one of the most vital features 
of motor construction. Bearings are one of the few 
wearing parts in electric motors; in cage motors they 
are, in fact, the only element that can be considered 
as a wearing part. 

In properly designed sleeve bearings, the shaft 
rotates on a film of oil, which prevents actual contact 
between the shaft and the bearing during operation. 
With clean oil, free from abrasive materials, sleeve 
bearings should provide long years of service, and 
they are very quiet in operation. They do, however, 
normally require more attention than the anti-friction 
type. Figs. 33 and 34 show typical sleeve bearing 
mountings. 

The use of anti-friction bearings is usually confined 
to ratings in the general-purpose classification (200 
hp and less). The type most commonly used is the 
grease-lubricated ball bearing, Pigs. 35 and 36, which 
requires little attention except for checking grease 
about once a year. Most ball-bearing troubles in the 
smaller machines are, in fact, due to overgreasing. 

Experience indicates that for ratings of 250 hp and 
larger, particularly for specds above 1000 rpm, anti- 
friction bearings are not as reliable as oil-lubricated 
sleeve bearings. For lower speeds, anti-friction bearings 
are usually satisfactory in ratings up to 1 hp per rpm. 
The balls, or rollers, undergo cyclical compression and 
release with every revolution, so that high speeds 
and high loading cause fatigue and ultimate failure. 
Exceptional cases may permit the use of oil-lubricated 
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Fig. H-36. Cutaway view showing shielded ball 
bearing installed in a general-purpose cage motor. 


TABLE 5—INFORMATION REQUIRED FOR 
SELECTING MOTORS 


Motor Data 


GENERAL 


INDUCTION MOTORS 


Locked-rotor torque % Breakdown torque % 
or for general-purpose cage motor: NEMA Design (A, B, C, D 


DIRECT-CURRENT MOTORS 

Shunt, stabilized shunt, compound, or series, wound 

Speed range Non-reversing or reversing 
ontinuous or tapered-rated 


MECHANICAL FEATURES 
Protection or enclosure 
Number of bearings 

Shaft extension: Flanged 
Press on half-coupling 


Stator shift 
Type of bearings 
Standard or special length 
Terminal box 


Base ring type 
Accessories 
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INDUCTION MOTORS 


Applicable to a broad range of applications, induction 
motors are the most! widely used because of their 
simple construction. As is true of practically every 
type of polyphase moter, the operation of an induction 
motor depends on the ‘production of a revolving mag- 
netic field in the stator, the rotor of the machine being 
pulled around by the tevolving magnetic field. 

This revolving field ‘is produced by increasing and 
decreasing currents inthe stator winding. In a two- 
phase motor, the magnetic field, at a given instant, is 
produced entirely by the first phase winding. As the 
instantaneous current decreases in the first phase and 
increases in the second; a slight shift of the magnetic 
field takes place. This shift continues to the point 
where the second phase is producing the entire mag- 
netic field. 

In a three-phase motor, the third-phase winding has 
a maximum field which is still further shifted around 
the stator. The windings are so distributed as to allow 
uniform continuous shifting or rotation of the magnetic 
field around the stator! 

Beyond this, induction motors operate on the prin- 
ciple of magnetic induction; that is, the magnetic 
field in. the rotor is induced by the current flow in the 
stator. The rotor may be (1) the squirrel-cage type, 
or (2) the wound-rotor type with the ends of the 
winding brought out through collector tings to an 
external circuit. 


SQUIRREL-CAGE POLYPHASE 
INDUCTION MOTORS 


Squirrel-cage motors, Figs. 6 to 10, the most common- 
ly used type of polyphase induction motor, derive their 
name from the similarity of their rotor windings to 
squirrel cages. Since thege motors operate by induetion, 
the stator is sometimes called the primary because it 
receives power from the line, and the rotor, the sec- 
ondary because its currents result from ths action of 
the primary currents. | 


Fig. H-37. Wound stator for small general-purpose, 
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Fig. H-38. Stator yoke and core for large cage 
mofor readyifor winding. 


rhe operation of a cage motor can best be explained 
by| starting with the motor at rest. When current is 
supplied to the stator (primary) winding, a revolving 
magnetic field is set up as described above. This 
reyolving field cuts the rotor conductors (cage bars) 
and thereby induces voltages in the bars. 

As a result of the induced voltages, current flows in 
tha cage winding. The current loops through the bars 
and short-circuiting end rings are distributed in such 
a Manner as to create a magnetic field similar to that 
of the stator. Interaction of these two magnetic fields 
results in a force that tends to pull the rotor along 
with the revolving field of the stator. The motor 
therefore starts and gains speed. 

he rotor cannot, however, rotate as rapidly as the 
revplving field of the stator. If it did, the cage bars, 
instead of being cut by the revolving field, would 
become magnetically stationary with respect to the 
revplving field. In that case, no -voltage would be 
indiiced in the rotor, and there would be no attraction 
between the rotor and the rotating field in the stator. 

In other words, the rotor constantly slips back and an 
induction motor cannot operate at synchronous speed. 
Obyiously increasing the load will increase the slip, 
and] the motor will run slower. However, at full load, 
the|slip is small, and motors of this type are usually 
considered to be of constant speed. 


Cage Motor Construction Features 


he basic simplicity of cage motors is favorable to 
operational reliability, but, careful engineering and 
quality construction are nevertheless essential | ‘to 
reliability and minimum maintenance, 

The stator construction (Figs. 37, 38, 39) is the same 
for dage, wound-rotor and synchronous motors. It com- 
pris¢s a supporting yoke, a slotted laminated sheet- 
stec] core, and insulated coils connected to provide 
definite polar areas providing the revolving magnetic 
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Fig. H-39. Wound stator for large, end-shield 
bearing, squirrel-cage induction motor. 


A cage motor rotor (Figs. 40, 41, 42) consists of a 
shaft, core, and cage winding. The core is built up of 
slotted laminated-steel punchings mounted directly on 
the shaft or supported by a spider mounted on the shaft 
(Fig. 43). The winding consists of bars short-circuited 
by end rings. In smaller motors, the winding is fre- 
quently cast in one operation, and aluminum is often 
used for this purpose. In larger motors, heavy copper 
bars or rods are used, and these are brazed or otherwise 
fastened to the end rings. Due to the very low voltage 
in the bars, insulation is not necessary between the 
bars and the rotor core. 

End-shield or bracket bearing construction is used 
for most cage motors. Pedestal bearing construction 
is, however, commonly used for ratings above one hp 
per rpm. Ball bearings are generally confined to 
general-purpose sizes; sleeve bearings are available 
for both general-purpose and large motors. 


Fig. H-41. Large two-pole cage motor rofor. 
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Fig. H-40. Squirrel-cage rotor construction typical 
of ratings beyond general-purpose sizes. 


Shaft rigidity and bearing quality are especially 
important in these motors because, to obtain good 
efficiency and power factor, the air gap between rotor 
and stator must be small. It should be noted, however, 
that too small an air gap can be detrimental to con- 
struction, to sound level, and, by producing parasitic 
torques, to efficiency. 


Cage Motor Characteristics 


Polyphase squirrel-cage induction motors are the 
most reliable and, with the exception of large syn- 
chronous motors, the most efficient motors available. 
This presupposes that the motor selected for any 
definite load is of such size that it can be operated at 
nearly full load because the power factor and efficiency 


te 


Fig. H-43. Rotor spider and core assemblies for 
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t at tig AGS. {7 18 also important to remember 
that high-speed motors have higher power factors 
than lower speed machines. ~ 

Under normal load and voltage conditions, squirrel- 
cage motor speeds are practically constant and, like 
those of synchronous ‘motors, are depenjent on the 
number of poles and thé frequency of the power supply. 
But, as previously noted, the cage motor slows down 
sufficiently to produce the necessary torque when load 
is applied. This slip is expressed as a percentage of the 
synchronous speed. For example, if a motor with a 
synchronous speed of 1200 rpm is loaded until the 
speed drops to 1164 rpm, the slip is: 

1200 — 1164; 36 
1200 | «1200 3% 

A definite relationship exists between the slip and 
the efficiency of the motor; that is, the higher the slip, 
the lower the efficiency, for slip is a measure of the 
losses in the rotor winding. In the above example, 
about 3 percent of the total power input would be 
lost in the rotor winding. However, relatively high 
slip motors may be necessary if high starting (locked- 
rotor) torque is required by the application. 

To provide the best starting torque consistent with 
high power factor and efficiency, cage motors must be 
of well-balanced design. Within limits, the amount 
of starting torque developed will depend on the re- 
sistance of the rotor winding. Increasing the rotor 
resistance will increase’ the starting torque—with a 
carresponding increase ix slip and decrease in efficiency. 


NEMA Design Classifications 


To simplify the selection of motors by providing 
some uniformity of design, NEMA has divided poly- 
phase squirrel-cage motors into classes based on 
electrical characteristics. While these classifications 


TABLE 6—LOCKED-ROTOR TORQUE 
The locked-rotor torque of Design A, B and C raotors, with rated voltd ge and frequency applied, shall be in accordance with"the 
i 


following values, which are expressed in percentage of full-load torque and epresent the upper 


60 Cy 3600 1800 
50 Cy 1500 
Poles i 


The lockedjig 


mwas 


7—BREAKDOWN TORQUE 


e break-down torque of Design B and C cage motors, wit, 
rated voltage and frequency applied, shall be in accordance wit 
the following values which are, expressed in percent of full-loag 
torque and which represent the upper limit of the range o 
application for these motors. 

Synchronous Specdin Rpm Design 
Hp (60 and 50 Cycles) B 
1/2 900-750 
Lower than 750 
3/4 1200-1000 
900-750. 
Lower than: 750 
1800-1500 
1200-1000 
900-750 
Lower than, 750 
3600-3000 
1800-1500 
1200-1000 
900-750 
Lower than ‘150 
3600-3000 
1800-1500 
1200-1000 
900-750 
Lower than 750 
3600-3000 
1800-1500 nea 
1200-1000 225 
900-750 200 
Lower than 750 one 
3600-3000 


Design 
Cc 


200 
200 

: 200 

Lower than 750 sighs 

3600-3000 a ae 

1800-1500 190 

1200-1000 190 

900-750 190 

Lower than 75 joe 

3600-3000 3 

1800-1500 190 

1200-1000 190 

900-750 190 

Lower than 70 x 

All Speeds 190 

30 and Larger All Speeds ‘ 190 

Design A values are in excess of those for Design B. 

Design D motors have no sharply defined breakdown torque 


mit of the range of application. 
DESIGN C 
1800 1200 900 
1500 ae 750 
4 


. Approved For Release 1999/09/10 : CIA-RDP83-00423R001260450002-7 H-17 


TABLE 8—LOCKED-ROTOR CURRENT 


Locked-rotor current, measured with rated voltage and fre- 
quency: shall not exceed the following values for 220-volt Design 
(and C and D 60 cycle) cage motors. 


Amperes 


1000 
1250 
1670 
1815 2090 
2170 2495 
2900 3335 


Locked-rotor current at other voltages is inversely propor- 
tional to the voltage. 


TABLE 9A—STANDARD HORSEPOWER RATINGS 
—INDUCTION MOTORS 


GENERAL-PURPOSE MOTORS: 1/2, 3/4, 1, 1-1/2, 2, 3, 
5, 7-1/2, 10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 125, 150, 200. 


LARGE MOTORS: 250, 300, 350, 400, 450, 500, 600, 700, 800, 
900, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 3000, 3500, 
4000, 4500, 5000, 5500, 6000, 7000, 8000, 9000, 10,000, 11,000, 
12,000, 13,000, 14,000, 15,000, 16,000, 17,000, 18,000, 19,000, 
20,000, 22,500, 25,000, 30,000. 


TABLE 9B—STANDARD VOLTAGES—INDUCTION 
MOTORS 


Voltage Approximate Hp Range 


110 
208, 220 
440, 550 

2300 
4000 
4600 
6600 
13200 


TABLE 9C—STANDARD SPEEDS—INDUCTION 
MOTORS 


Speed in Rpm Number of Approximate 
(60 Cycles) Poles Hp Range 
3600 
1800 
1200 
900 1/2 — 10000 
720 1/2 — 10000 
600 1/2 — 10000 
514 3 22500 
450 


Any practicable 
required rating. 


NOTE: Some of the smaller ratings listed are not normally 


available,in roa en signs, and some of the largest ratings 
b 0:Cl 
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specify locked-rotor (starting) torque, breakdown 
torque, locked-rotor (starting) current, and_ slip, 
variations in practically all types can be obtained by 
changes in the design of the rotor slots and resistance 
of the rotor windings. Except for coil design, stator 
construction remains the same for all types. 

It is, however, advantageous to specify motors 
mecting the NEMA standards, which are as follows: 

A Design A motor is a squirrel-cage motor de- 
signed to withstand full-voltage starting and de- 
veloping locked-rotor torque as shown in Table 6, 
breakdown torque as shown in Table 7, with locked- 
rotor current higher than the values shown in Table 
8 and having a slip at rated load of less than 5 
percent”. (Sec Fig. 44.) Standard horsepower ratings, 
voltages and specds of induction motors are given 
in Tables 9A, B and C. 

A Design B motor is a squirrel-cage motor de- 
signed to withstand full-voltage starting, developing 
locked-rotor and breakdown torques adequate for 
general application as specified in Tables 6 and 7, 
drawing locked-rotor current not to exceed the 
values shown in Table 8 and having a slip at rated 
load of less than 5 percent*. (See Fig. 45.) 

A Design C motor is a squirrel-cage motor de- 
signed to withstand full-voltage starting, developing 
locked-rotor torque for special high-torque applica- 
tion up to the values shown in Table 6, breakdown 
torque up to the values shown in Table 7, with 
locked-rotor current not to exceed the values shown 


LOW LEAKAGE FLUX 
USEFUL FLUX 


DESIGN - A 


To obtain normal torque with higher than normal starting 

current, rotor bars are placed close to surface of rotor. 

Rotor reactance is relatively low, resulting in high power 
factor and efficiency. 


Fig. H-44. 


MEDIVM LERKAGE FLUX 
USEFUL FLUX 


DESIGN - B 


To obtain normal torque with normal starting current, 
rotor bars are deep and narrow, producing relatively 
high reactance when frequency of magnetic flux is high. 


Fig. H-45. 


*Motors with 10 and more poles may have slip slightly greater 
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TABLE 10—PERFORMANCE DATA 


SQUIRREL-CAGE, CONSTANT-SPEED, DESIGN B MOORS: 
OPEN AND ENCLOSED! TYPES 
3 PHASE, 60 CYCLES, 208-220-440-550 VOLTS 


ERFICIENCIES AND POWER FACTORS WHICH MIGHT BE EXPECTED? 


Full-Load Current® 
Rpm Efficiency Power Factor ' Amps per Phase 
(Synchronous) 4/4 3/4 1/2 3/4 1/2 220 Volts, 3 Phase 
900 60 53 45 | 37 2.74 


1200 68 55 43 
900 63 49 38 


1800 62 48 
1200 57 45 
900 51 39 


78 67 
66 54 
61 49 
52 40 


78.5 68 
68 ' $4.5 
62 50 
55 43 


79 69 
73 61 
66 81 
56 44 
- 69 

64 

60 

50 

75 


Dea é 
a 


_ 
t 
s 
i) 


7 
= 
i) 
PMG wage 


bo Gn et me 
= 69 


are 
* Eab 


Be MOOS SHAN 
Co Acs 


2 Not to be used for ane ; consult motor manufacturer, 
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VIE DIUM HIGH LERKAGE FLUX 
F HIGH RESISTRMCE WINDING 


@USEFUL_FLUX 


LOW RESISTANCE WINDING 
DESIGN-C 


To obtain high starting torque with low starting current, 
two sets of rotor bars are used. The operation of this type 
is described under the heading ‘‘Double-Cage Motors.”’ 


Fig. H-46. 


MMEDIUT LEPKAGE FLUX 
USEFUL FLUX 0 


HIGH RESISTANCE WINDING 
_ _ OESIGN - D 
To obtain high starting torque with normal starting 
current, thin high-resistance bars are used, producing 
relatively high reactance. 


Fig. H-47. 


in. Table 8 and having a slip at rated load of less 
than 5 percent. (See Fig. 46.) 

A Design D motor is a squirrel-cage motor de- 
signed to withstand full-voltage starting, developing 
high locked-rotor torque as shown in Table 6, with 
locked-rotor current not greater than shown in 
Table 8 and having a slip at rated load of 5 percent 
or more. (See Fig. 47.) 

NOTE: Standard speeds for most 25-cycle motors 
are 1500, 750 and 500 rpm for which no torque values 
have been established. 


Typical Applications 


Design A motors obtain higher breakdown torque 
than Design B motors, but they do this at the expense 
of higher locked-rotor current. 

Design B motors are the standard, forming the 
basis for comparative motor performance of all other 
types. Their torque, starting current and slip char- 
acteristics make them suitable for most applications. 
Efficiency is relatively high—even under fractional 
loads. Power factor is also good at full load, although 
it does decrease quite rapidly with decrease in load. 
Both efficiency and power factor decrease as the number 
of poles increases. (See Table 10.) 

Design A and B motors are used for such constant- 
speed applications as light conveyors, line shafts, 
blowers, fans, woodworking machines, rotary com- 
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but lower breakdown torque than Design B motors, 
while locked-rotor current and slip are the same for 
the two designs. Design C is for applications requiring 
high initial torque to start, such as vibrating screens, 
conveyors, milling machines, pulverizers, reciprocating 
pumps, crushers, and compressors without unloading 
devices. It should be noted that while these motors 
develop high starting torque, they are not intended 
for applications requiring frequent starting and 
stopping. 

Design D motors have high torque and high slip. 
They are generally used on applications involving 
high inertia and frequent load changes, such as fly- 
whecl-equipped punch presses. The high slip enables. 
the motor to pick up the load when the excess energy 
stored in the flywhecl has. been released during the 
working stroke of the cycle. The high torque enables 
the motor to repeatedly accelerate the load to full 
speed, without overheating, to restore energy to the 
flywheel. This alternate supplying and releasing of 
power irons out the load peaks, that is, the maximum 
power demand. Other applications include elevators, 
metal drawing, shears, hoists, and bailers. < 


Double-Cage Motors 


A double-cage motor is a polyphase induction motor 
having a rotor with two separate squirrel-cage wind- 
ings, one within the other, as shown in Figs. 48 and 49. 
The stator is of standard construction. Double-cage 
construction is used only when it is necessary to obtain 
high starting torques with relatively low starting 
current. It provides higher starting torques than 
ordinary single-winding motors, but not as high 
torques as single high-resistance winding motors. 

In a double-cage motor, the outer cage has high 
resistance and the inner cage has low resistance. The 
former provides high torque in starting, while the 
latter carries most of the current at full load. 


STATOR CORE 


A-LOW RESISTANCE C-STATOR WINDING B-HIGH RESISTANCE 
SOUIRREL CAGE SQUIRREL CAGE 
This diagram shows two things: (a) Typical rotor and 
stator slot shapes used in sma double-cage rotors. 
(b) Relative current flow at time motor is ready to start; 
most of current is carried by high-resistance outer cage 
bars, giving high starting torque with low starting current. 
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STATOR CORE 


A- LOW RESISTANCE C-STATOR WINDING B-HIGH RESISTANCE 
SQUIRREL CAGE SQUIRREL CREE 


(a) Typical rotor and stator slot shapes used in large 

double-cage motors. (b) Relative current flow when motor 

has reached normal.speéd; most of current is carried by 

low-resistance inner cage, giving high efficiency during 
operation. 


Fig. H-49. 


Figs. 48 and 49 show that the inner cage bars are 
more completely enclosed by stator core iron than 
are the outer cage bars. Thus the magmetic path 
around the inner cage bars is more satisfactory than 
that around the outer’ bars. This, however, means 
that the path around the inner bars hag greater in- 
ductance. | 

Now, at the instant of starting, the revolving field 
produced by the stator current induces currents in 
both sets of rotor conductors—at full line frequency. 
But at full line frequeney, the high inductance of the 
inner winding impedes the current in the inner con- 
ductors. 

However, even at full line frequency, considerable 
current is set up in thé outer conductors since they 


have relatively low inductance. But this is a high ~ 


resistance winding, and|this plus the choking action 
of self-induction at line| frequency limits the current 
in starting. 

In Fig. 48, the depth of shading indicates the com- 
parative density of thej currents in the two sets of 
conductors: when the motor is ready to start. 

As the rotor gains speed, the frequency of the cur- 
rents induced in the rotor decreases, and the relation- 
ship between the currents in the two squirrel cages 
automatically changes. This is due to the fact that 
the frequency of the induced currents is proportional 
to the slip, and at normal specd this frequency be- 
comes only a few cycles per second. 

At this low frequency, ithe higher inductance of the 
inner cage windings produces only a small choking 
effect. Therefore the resistances of the two cages are 
the essential factors influencing the distridution of 
and limiting the flow of the rotor currents. Thus, at 
normal speed the greater part of the total rotor current 
is carried by the low-resistance inner cage, as indicated 


CPYRGHT | 


OUND-ROTOR MOTORS 


A wound-rotor induction motor, sometimes called 
plip-ring motor, is defined by NEMA as an induction 
mptor. in which the secondary circuit consists of a 
pdlyphase winding or coils whose terminals are either 
short-circuited or closed’ through suitable circuits. 
(Fg. 50 shows a standard wound-rotor motor.) 
he general principles of operation of the polyphase 
wqund-rotor motor are quite similar to those of the 
lyphase squirrel-cage type. 
he essential structural difference between the 
waund-rotor motor and the squirrel-cage motor is in 
the rotor. The wound-roter motor has a distributed 
phase-wound rotor winding arranged for the same 
number of poles as the stator winding. The terminals 
of the rotor winding are connected to three collector 
rings (slip rings) mounted on the shaft (Fig. 51). From 
brushes riding on the collector rings, leads are brought 
ouf for connection to a secondary control—which 
prqvides resistance for starting or speed regulating 


© increase the speed, the resistance is gradually cut 
out of the circuit until, for operation at full speed, the 
rotor winding is short-circuited through the control. 

the torque of a polyphase induction motor is a 
function of its impedance, and the function of the 
wound-rotor motor secondary control is to change 
the] impedance to an optiraum value. By properly 
proportioning the external’ resistance, it is possible 
to pbtain a locked-rotor torque that is nearly equal 
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to the breakdown torque, and this can be done with 
much lower locked-rotor (starting) current than with 
squirrel-cage motors. 


Wound-Rotor Motor Advantages 


The wound-rotor motor thus has some very distinct 
advantages over the squirrel-cage motor: 


a) It can develop high starting torque with rela- 
tively low starting current. This characteristic makes 
it suitable for high load-torque drives where starting 
current must be limited. 

As noted above, it is possible to obtain starting 
torques nearly equal to the breakdown torques. This 
depends on the external resistance in the rotor circuit 
and its method of distribution. The breakdown torque, 
with collector rings short-circuited, is not less than 
200 percent for general-purpose ratings, and larger 
values can be obtained for special load requirements. 


b) The major portion of the heat developed during 
starting can be dissipated in the external resistors 
(provided that they are suitably proportioned) instead 
of being concentrated in the rotor winding, as is the 
case in squirrel-cage motors. This makes the wound- 
rotor motor suitable for drives having such high load 
inertia as to be beyond the thermal capacity of the 
starting windings of squirrel-cage or synchronous 
motors. 

c) The wound-rotor motor can be used for ad- 
justable-varying speed regulating duty for such ap- 
plications as fans, cranes, hoists, etc. It should be 
noted that this does not, however, provide good speed 
regulation on non-steady loads as the speed changes 
with changes in load, due to the sip inherent in in- 
duction motors. The percentage of speed reduction 
obtainable depends on the character of the load; a 
50 percent reduction is usually permissible on variable 
torque loads without producing unstable operation. 
The temperature of the motor will usually be higher 
at reduced specds, due to the reduction in normal 
ventilation. 


Other Characteristics 


When a wound-rotor motor is operating at full speed 
with the secondary short-circuited through the control, 
its operating characteristics are very similar to those 
of anormal-torque, normal starting-current cage motor. 
The main differences are usually slightly lower slip 
(2 percent for larger sizes to 5 percent for smaller ones) 
and somewhat lower power factors (due to certain 
magnetic “leakage” factors inherent in the design). 


MULTI-SPEED INDUCTION MOTORS 


Multi-speed squirrel-cage motors can be designed 
to operate at two, three or four speeds—having con- 
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Wound-rotor motors are limited 
because of complications in rotor construction. How- 
ever, each “fixed” speed is capable of further speed 
adjustment in the same manner as outlined above 
for single-speed motors of this type. For example, the 
speed can be adjusted from the higher one through 
the range to the lower fixed speed. 


Multi-speed squirrel-cage construction constitutes 
the simplest form of adjustable-speed motor, since 
there are no brushes, commutators or collector rings 
involved. Its principal drawback lies in the fact that 
it provides only the two, three or four specds for which 
it is designed—there are no intermediate speeds. 


Construction Principles 


The stator may have either one or two windings, each 
of which will produce either one or two of the desired 
rotor speeds—depending upon the ratios of the various 
speeds required. 

Two-specd motors (for operation on 3-phase circuits) 
having a specd ratio of 2 to 1 (1800 and 900 rpm, or 
1200 and 600 rpm, for example) are usually furnished 
with a single stator winding. The two speeds are ob- 
tained by means of a selector switch which renders 
either all or half of the poles effective. With all of the 
poles effective, the motor operates at the low speed; 
with half of the poles effective, it operates at the high 
specd. This is called a consequent-pole winding, and 
the low specd is always one-half of the high speed. 

If the two specds required are not in a 2 to 1 ratio, 
two separate stator windings are required. This applies 
to such speed ratios as 1200/900 rpm or 1800/1200 rpm. 

When three or four speeds are required, the motor 
is built with two separate windings, with one or both 
of the windings being of the consequent-pole type. 
This permits speed ratings such as 1200/900/600 rpm 
or 1800/1200/900/600 rpm. Diagrams of windings and 
coil connections of consequent pole motors are shown 
on pages 124 and 125, Section F. 


Torque Characteristics 


Multi-speed motors are available with any one of 
the following three torque characteristics: 


Constant-horsepower motors produce the same horse- 
power output at all speeds. They are used for lathes, 
boring mills and other machine tools where the torque 
demand decreases as the specd increases. 


Constant-torque motors produce the same torque at 
all speeds and the horsepower is in direct proportion 
to the speed. These motors are used for conveyors, 
stokers, ete. 


Variable-torgue motors produce a torque that de- 
creases with the speed, resulting in a horsepower 
output which decreases with the square of the speed. 
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Type of 
‘anelocure 


Open, drip-proof 


Semi-protected 


Protected 


Splash-proof 


Enclosed, forced- 
ventilated 


Enclosed, self- 
ventilated 


Totally-enclosed, 
non-ventilated 


Totally-enclosed, 
fan-cooled 


Explosion-proof 


For Release 1999/09/10 : CIA 


Approximate 
Range of Sizes 


1/2 hp and larger 
1/2 hp and larger 


Frame 224 and larger 


Frame 364 and larger . ~ 


Frame 364 and larger 


Frames 204 to 254 
| 
| 


Frame 254 and larger 
| 
| 


Fiame 225 and larger 


Open Drip-Proof 


2434 19 


, a 
Approved:#o 


ic 
13% 
14% 
16% 
1734 
20 


2296 


3 
3 


Standard 
Temperature Rise 
Class A 
Insulation 


40 C 


50 C 
50 C 


50 C 


40 C 
40 C 
55 C 


55 C 


CPYRGHT. 


-RDP83-00423R001200450002-7 . 


ENCLOSURES—INDUCTION MOTORS 


Approximate 
Cost Increase 


0 to 10% 


5% 
10% 


10 to 15% 


4 to 20% 
15 to 40% 
10 to 40% 


40 to 115% 


Ut 

750 

750 
1.000 
1.000 
1.125 


1.250 
1.625 
1.625 
1.875 


1.625 
1.875 
1.625 
2.125 


1.875 
2.125 
1.875 
2.375 
2.125 


2.375 
2.125 


IRDPBS-OP4Z5RO0 120q45 GRD Ze? 


Application 
Information 


Protection against dripping liquids or 
falling ' particles, 


Same as protected. 


Protection against metal chips in 
machine shops, ete. 


Protection against dripping and splash- 
ing liquids; used in breweries, food 
plants, dairies, etc. 


Same as fun-cooled. 
Same as fan-cooled, 
Same as fan-cooled. 


Used where abrasive dust, dirt, grit, 
or corrosive fumes are too severe for 
open motors—in metal-working 
plants, foundries, machine shops, 
etc. i 


For oil refineries, varnish plants, lac- 
quer plants, or others where flam- 
mable, volatile liquids are manu- 
factured, used or handled. 


TABLE 12—REPRESENTATIVE CAGE MOTOR DIMENSIONS (IN INCHES) 


AL AN 
14 64 
14 \ 634 

7 


Keyt 
4X IGXL 44 
Jax Sgxl 
Mxx2 
74 Yyxlx2 
84 Mgxl4x23¢ 


] 9 4x 14x284 
; 61034 Box 84x38¢ 
10% 3434x334 
114 Jox}gx4 


sane Dex Yex1 4 
1144 Yoxdaxd 
eset coer cece dex Mex 1g 
13 4x}4x5 


wees ceen vege 'Gx}Gx2 
13 }oxhox5 
seen cove Joxbex? 
Sex $4x534 
Mx}4x2%4 


Sex bex514 
3gx34x28% 
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NXXKR NERK 


RRXNXK 


31 | 14 
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STANDARD OPEN DRIP-PROOF AND SPLASH-PROOF STANDARD TOTALLY-ENCLOSED MOTORS 
MOTORS (60 CYCLES) : (60 CYCLES) 


Hp 3600 1800 1200 900 720 600 


1/2... sie ate 204 224 225 

3/4 sisters rie a 203 224 225 254 : 
1 sand 203 204 254 254 Hp 3600 1800 1200 900 720 600 
1-1/2 204 224 254 284 1/2 204 224, 225 


224 225 284 324 3/4 Seve 203 224 254 254 

995 254 | 324, 326 Sie 203 204 225 254 254 
204 204 224. 254 254 284 

254 234. 326 364 = 

284 324, 365 204 224 225 254 284 324 
224 225 254 284 324 326 

324 326 404 225 254 284 324 326 365 

326 405 254 284, 324 326 365 404 

364 444 284 326 364 404 

364 445 324 364 365 405 444 


365 5040 B26 365 404 444, 
404 ‘ 505 3658S 404 405 445, 
4058 ; isis 4048 405 444 504U 
4448 erica vee. 405S 444, 445 505 


4458 diate ea sees 4448 445 504U 
5048 awe bine eee tee ; 4458 504U = 5505 
5058 bares area ane we8 5048 505 

ee, 5058 ‘ 


Motors above line are non-ventilated. | 


Motors below line are fan-cooled. 


TABLE 12—REPRESENTATIVE CAGE MOTOR DIMENSIONS (IN INCHES)—Continued 


Totally-Enclosed Non-Ventilated and Explosion-Proof Totally-Enclosed Fan-Cooled and Explosion-Proof 


Frame At Bt Cc Dt Ft L M oO P Ut 

203* 93 +634 13% 5 28 58¢ 5% 934 914 «750 
204* 934 73 14% 5 3% 934 914 .750 
224* 103 8% 16% 5% 3% 10% 1054 _ 1.000 
225* 10% 9 17% 5% 334 10% 105 1.000 
254 113% 22% 6% 4% 12 1% 1.125 


284 1234 2434 434 134 12% 1,250 
324 1434 284 514 1554 15% 1.625 
326 1434 29384 6 155% 154 1.625 
364 1744 31% 554 18% 19 1.875 


364-S 1744 2834 554 1844 19 1.625 
365 17% 32% 6% 18% 1 1.875 
365-S 174 2934 6% 18 19 1.625 
404 1934 34% 6% 2034 2054 2.125 


404-S 1936 3134 6% 20% 2054 1.875 
405 1914 353 6% 2036 2054 2.125 
405-S 1934 3314 6% 20% 2054 1.875 
444 214 3958 74 225% 234% 2.375 


445 21% 41% 84 225% 234% 2.375 
445-S 21% 3834 84 225% 23% 2.125 
504-U 244% 44% 12% 10 8 2414 2434 2.875 
505 24% 464% 1234 10 9 2434 24% 2.875 


*Dimensions shown for these frames are for totally-enclosed non-ventilated construction. ; 
{These are NEMA standard dimensions. Other dimensions may vary, depending upon the manufacturer. 
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ments of a fan decrease approximately as the cube 
of the speed. | 

Squirrel-cage multi-speed motors are built to the 
same NEMA design standards for torques and starting 
currents as single-specd motors. 


MOTOR PROTECTION 


Classification of machines by types of mechanical 
protection and methods! of cooling will be found in 
the definitions of pages 4 to 9. Accompanying illustra- 
tions, Figs. & to 28, inclusive, show the construction 
employed for the various types, and Table 11 gives a 
brief summary of such: features. This table shows 
(a) the approximate range of sizes or ratings in which 
each type is built, (b) the maximum temperature rise 
for Class A insulated machines, (c) the approximate 
increase in cost over the standard open type, and 
(d) application suggestions. 


STANDARD DIMENSIONS 


Table 12 gives representative dimensions for foot- 
mounted motors, while Table 13 shows representative 
frame sizes for various horsepower and speed ratings 
in open drip-proof and totally-enclosed motors. 


GEARMOTORS 


Gearmotors meet the demand for a highly efficient, 
economical and dependable source of power for low- 
speed drives. Basically, a gearmotor consists of a 
1750-rpm motor and a double-, triple- or quadruple- 
reduction gear unit. The standard motor is the squirrel- 
cage type, but wound-rotor and direct-current motors 
are occasionally used. | 


Construction 


The gear units use precision-cut gears, some manu- 
facturers using the helicaljtype and others the planetary 
type. The gear efficien¢y usually is not less than 
97 percent. 

High efficiency and, in|the case of induction motors, 
good power factor results from the use of high-speed 
motors. Motors usually; are of the stanclard open 
drip-proof type, but in| most cases splash-proof or 


foot-mounted motors—recommended when 
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totally-enclosed types are also available, as well as 
vertical types. 

Performance and cost are usually consistently better 
than for direct-connected motors of the same output 
speeds. For smaller ratings, \rearmotor construction is 
the |only practical answer’ for low output specds. 
Figs. 62 and 68 show two types of gearmotors. 


Ratings and Classifications 


Units of this type are available in ratings up to 50 
hp flor all applications and up to 75 hp for some ap- 
plications. Table 14 gives output speeds listed in the 
NEMA Recommended Standards, but it should be 
noted that some of these speeds, namely 1430, 1170, 
950,|6, 5, and 4 rpm, are seldom used and are not always 
available. 


TABLE 14--OUTPUT SPEEDS FOR INTEGRAL-HORSE- 
POWER GEARMOTORS OF PARALLEL CONSTRUCTION 


Nominal ' Nominal 
Gear Output Gear Output 
Ratios Speeds Ratios Speeds 


These output speeds are baséd on an assumed operatin 
speed of 1750 rpm and certain nominal gear ratios and wil 
be mbdified: 

1. | By the variation in individual motor speeds from the 

basic operating speed of 1750 rpm. 

(The same list of output.speeds may be applied to 25- 
or 50-cycle gearmotors when employing motors of 1500 
_tpm. synchronous speed if ‘an assumed motor operating 
speed of 1430 rpm is used.) 

(This list of output speeds may be applied to 60-cycle 
-_gearmotors when employing motors of 1200 rpm syn- 
chronous speed if an assumed motor operating speed of 
1165 rpm is used.) 

2. By a variation in the exact gear ratio from the nominal, 

which variation will not change the output speed by more 
than plus or minus 3 per cent. 


Fig. [H-53. Integral-type gearmotor uses round-frame 


Approved paritelease 1999/09/10 : CAAoRDFSS-0042BR 00 $2004 50008-enath. 


Approved For Release 1999/09/10 : CIA-RDP83-00423Ree1296450002-7 H-25 


AGMA recommended practice calls for three classi- 
fications of gearmotors as follows: 


Class I—For steady loads not exceeding normal 
rating of motor and 8 hours a day service. Moder- 
ate shock loads where service is intermittent. 


Class II—F¥or steady loads not exceeding normal 
rating of motor and 24 hours a day. Moderate 
shock loads for 8 hours a day. 


Class III—Moderate shock loads for 24 hours a 
day. Heavy shock loads for 8 hours a day. 


As shown by Table 15, gearmotors in these various 
classifications are available for most applications. To 
assure proper selection of units, it is essential that the 
manufacturer be given complete application data. 
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TABLE 15—COMMONLY AVAILABLE GEARMOTOR 
RATINGS 
Hp 
Class IT 


1 to 50 
1 to 50 
1 to 50 
1 to 50 
1 to 30 
1 to 30 
1 to 25 
1 to 20 
1 to 20 
lto 15 
1 to 10 
Lito 7.5 
1 to 5.0 
1 to 3.0 


Output Rpm 
(1750 Rpm Motors) 


520, 420, 350 
280, 230,190, 155 


Class I 


1 to 50 
1 to 50 
1 to 50 
1 to 50 
1 to 50 
1 to 40 
1 to 40 
1 to 30 
1 to 25 
1 to 20 
1 to 15 
16.5, 13.5 1 to 10 
11.0, 9.0 1 to 7.5 
7.5 1 to 5.0 


Class ITI 


1 to 40 
1 to 50 
1 to 40 
I to 30 
1 to 25 
1 to 20 
1 to 30 
ltol 
1 to 10 
1 to 10 
1 to 7.5 
1 to 5.0 
I to 3.0 
1 to 3.0 


Characteristic 


*Torque 


Locked-rotor and breakdown Increase 21% 


{Speed 


Synchronous 


Efficiency 
Full load 


1/2 load 


Power factor 
Full load 


1/2 load 
Current 


Locked-rotor 


Full load 


Temperature rise 
Maximum overload capacity... 


TABLE 16—OPERATION ON OFF-STANDARD VOLTAGES AND FREQUENCIES 


VALUES SHOWN ARE FOR GENERAL-PURPOSE DESIGN B CAGE MOTORS AND WILL 
VARY SOMEWHAT FOR DIFFERENT RATINGS AND DESIGNS, 


Frequency (in percent of rated) 


Voltage (in percent of rated) 
110% 90% 


Decrease 19% 
No change 


Decrease 1.5% 
Increase 23% 


No change 
Increase 1% 
Decrease 17% 


Decrease 2 
Little change 
Increase 1 to 2 


Tacrease 0.5 to 1 
Little change 
Decrease 1 to 2 


Increase 1% 
Increase 2 to 3% 
Increase 4 to 5% 


Decrease 3% 
Decrease 4% 
Decrease 5 to 6% 


Increase 10 to 12% 
Decrease 7% 


Decrease 3 to 4 C 
Increase 21% 


Increase 11% 
Increase 6 to 7 C 
Decrease 19% 


Decrease 10 to 12% 


105% 
Decrease 10% 


Increase 5% 
Increase 5% 
Little change 


Slight increase 
Slight increase 
Slight increase 


Slight increase 
Slight increase 
Slight increase 


Decrease 5 to 6% 
Slight decrease 


Slight decrease 
Slight decrease 


95% 


Increase 11% 


Decrease 5% 
Decrease 5% 
Little change 


Slight decrease 
Slight decrease 
Slight decrease 


Slight decrease 
Slight decrease 
Slight decrease 


Increase 5 to 6% 
Slight increase 


Slight increase 
Slight increase 


Magnetic noise Slight increase 


Slight decrease 


Slight decrease Slight increase 


*The locked-rotor and breakdown torque of ac induction motors will vary as the square of the voltage, 
{The speed of ac induction motors will vary directly with the frequency, 


OPERATION ON OFF-STANDARD 
VOLTAGES AND FREQUENCIES 


Guarantees of motor characteristics (torque, power 
factor, efliciency, etc.) are based on operation of the 
motor at rated (nameplate) voltage and frequency. 
As explained earlier, under the heading Service Condi- 
tions, motors will operate successfully despite some 
deviation from rated values, but not necessarily in 
accordance with the standards established for operation 
under rated conditions. Table 16 shows the approzi- 
mate effects of variations in voltage and frequency 
on motor performance. The values will vary somewhat 
with the rating of the motor. 


SYNCHRONOUS MOTORS 
A synchronous motor is defined by NEMA as a 


from an alternating-current system into mechanical 
power. Synchronous motors usually have direct- 
current field excitation. 

A synchronous motor consists essentially of a 
stationary armature (stator) and a revolving field with 
windings arranged for excitation from a source of 
direct current. Fields of motors with four or more 
poles are of the salient pole type. Two-pole motors, 
which are seldom used except in very large sizes, are 
usually of the non-salient pole type and are similar to 
steam-turbine-driven synchronous generators. 

The speed of a synchronous motor is a function of 
the number of poles. It remains in synchronism with 
the supply frequency and is unaffected by the load. 
(See Table 1.) 


Efficiencies are generally higher than for induction 
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Fig. H-54. Engine-type, 600-hp, 150-rpm synchronous 
motor driving 450-ton-per-day ammonia compressor. 


in the case of unity powell factor motors and/or lower 
specds. 

Application of synchronous motors requires careful 
consideration of all factors involved, especially: 


~ Power factor. | 


Locked-rotor (static) torque. 

Pull-up (accelerating) torque. 

Pull-in torque. 

Pull-out torque. | 

Effect of load inertia on pull-in torque and thermal 
capacity of the amortisseur winding. 

Effect of voltage variation on torques. 


POWER FACTOR 


Normally, one does not|think of induction motors as 
requiring excitation, but actually they do. The fact is, 
the exciting current is supplied from the line. And 
because the magnetizing |component lags 9() degrees, 
the result is that the line ¢urrent lags at all loads to an 
extent depending on the magnitude of the magnetizing 
current. | 

In synchronous motors; the excitation is supplied to 
the field from a separate jdc source. Thus, by varying 
the field strength, the! phase relationship (power 
factor) of the armature current. and voltag? may be 
changed. With a given field strength the power factor 
is unity; that is, the armature current is a minimum 
and in phase with the voltage. 

Decreasing the field strength causes the increasing 
current to lag, increasing] the field strength causes the 
increasing current to lead the voltage. In other words, 
lagging or leading power factor results. Synchronous 
motors can therefore be made suitable for power-factor 
correction purposes. 

The above should notjbe interpreted to mean that 
any such motor is necessarily suitable for operation at 
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Fig. [H-55. Close-up of synchronous motor rotor 
showing details of field and amortisseur windings. 


STARTING 
Amartisseur Winding 


The armature (stator) winding is wound for operation 
from ja polyphase (2 or 3-phase) source. When voltage 
is applied at the terminals, a. revolving magnetic field 
is produced in the stator; its: speed is proportional to 
the frequency and number of ‘poles. 

The rotor assembly contains an amortisseur winding 
in the pole faces. This winding is similar to the cage 
winding of an induction motor. It is shown in Fig. 56. 

The revolving field of the armature acting on the 
amortisseur winding produces (a) the static torque 
that causes the motor to break from rest and (b) the 
pull-lp torque for acceleration. Depending upon the 
type|of load and the resistance of the amortisseur 
winding, the motor will accelerate to a speed of from 
2 to 5 percent below synchronous speed. 


Puilsin Torque 


Thus, the synchronous motor is actually started and 
brought up to near synchronous speed as a squirrel-cage 
motor. Then the field excitation is applied. If the motor 
is properly designed for the application, the field of 
the totor will “pull in” and lock in step with the 
rotating magnetic field of the stator. 


Effect of Load Wk’ 


Cdrtain types of drives are characterized by high 
load |inertia (load Wk2), as indicated by Table 18. The 
load inertia which a synchronous motor can accelerate 
is definitely limited by thei thermal capacity of its 
amortisseur winding. 

Smaller motors can accelerate relatively higher load 
Wk:|than larger motors, until a point may be reached 
in the very large sizes where the motor may be capable 
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Fig. H-56. Besides driving 3000-gpm pumps, these 
500-hp synchronous motors improve plant 
power factor. 


As indicated by the NEMA definition of pull-in 
torque on page 4, the matter of load Wk? has a most 
important effect on the pull-in capabilities of syn- 
chronous motors. 


Effect of Voltage on Torques 


It must be remembered that all torque values listed 
are based on full voltage at the motor terminals. 
Hence, if the voltage at the terminals is below rated 
voltage, the starting and pull-in torques should be 
based on values adjusted to compensate for the re- 
duction in voltage so that the required torques will be 
obtained with the actual voltage at the terminals. 

This condition exists when reduced-voltage starting 
is used and/or when the line voltage drops below rated 
voltage during the starting period. 

Starting and pull-in torques vary approximately as 
the square of the voltage. 

For example, suppose you have an application that 
requires 100 percent starting torque (static torque) 
and 100 percent pull-in torque. Suppose also that 
reduced voltage starting on 85 percent tap and pull-in 
on full voltage is to be used but that line voltage will 
drop to 95 percent during the starting and pull-in 
period. You would then require a motor with rated 
starting and pull-in torques as follows: 

100 


0.852 X 0.952 


100 
50g: = 11% 


Starting torque = = 158% 
Pull-in torque = 


PULL-OUT TORQUE 


When a synchronous motor is operating at no-load, 
the individual field poles of the motor have a fixed 
position with respect to the revolving magnetic field 
of the armature. A load applied to the motor develops 
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torque. The increased torque requirement is produced 
by a backward shift or lag in the position of the field 
poles with respect to the revolving magnetic field. The 
motor, however, still maintains its synchronous specd. 

The motor develops its maximum torque when the 
field poles have shifted backward approximately one- 
half the distance between adjacent poles. Any further 
increase in load will cause the motor to pull out of 
step and stop. 

The maximum torque that a motor will develop 
without pulling out of step is called its pull-out torque. 
Typical pull-out torque requirements for various 


SYNCHRONOUS MOTORS 


TABLE 17A—STANDARD HORSEPOWER RATINGS 


GENERAL-PURPOSE MOTORS: 30, 40, 50, 60, 75, 100, 
125, 150, 200*. 


LARGE HIGH-SPEED: 200**, 250, 300, 350, 400, 450, 
500, 600, 700, 800, 900, 1000, 1250, 1500, 1750, 2000, 2250, 
2500, 3000, 3500, 4000, 4500, 5000, 5500, 6000, 7000, 8000, 
9000, 10,000, 11,000, 12,000, 13,000, 14,000, 15,000, 16,000, 
nH ae 18,000, 19,000, 20,000, 22,500, 25,000, 27,500, 

,000. 


LOW-SPEED: 20, 25, 30, 40, 50, 60, 75, 100, 125, 150, 175, 
200, 225, and larger ratings as listed above for large 
highspeed motors. : 

*At 1.0 pf. **At 0.8 pf. 


TABLE 17B—STANDARD VOLTAGES 


Approximate Hp Range—1.0 Pf 

20 — 200 
20 — 1000 
20 — 10000 
75 — 17000 
75 — 20000 
400 — 30000 

1000 — Any 


Voltage 


TABLE 17C—STANDARD SPEEDS 


Speed in Rpm Number of Approximate Hp 

(60 Cycles) Poles ange—1.0 Pf 
2 1000 & Larger 

30 — 5000 

30 — 10000 

30 — 30000 


20 — 10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
10000 
15) 10000 
150 — 10000 
150 — 10000 


Standard speeds for other frequencies will be proportionate 
to the past using the pole groupings listed above for 60 
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REMENTS OF) SYNCHRONOUS MOTOR APPLICATIONS 


The following, taken in}the main from NEMA MGI-8.9, represent typical Jocked-rotor, pull-in and pull-out torque requirements 
of various synchronous motor applications. ; : 

In individual cases, lowér alas may be satisfactory or. higher values| may be necessary, depending upon the characteristics of the 
particular machine and thd effect of locked-rotor kva, on the line voltage. : 


Se TORQUE REQUIREMENTS 

n Percent of Full-Load Torque Max. 
APPLICATION “Load 
\ Locked-Rotor (Static) Pull-In / Pull-Out Wk?” 
H Unloaded Loaded Unloaded Loaded: Ratio 


(Approx.) 
1—CENTRIFUGAL MAGHINERY—Blowers, Compressors, Fans and Pumps 


1 Fans—(except sintering) 
4Inlet or discharge yalve closed 
5 Inlet or discharge valve open 


5 Sintorne inlet gates either open 
or closed 


Propeller-type Discharge open... 
Pumps—Centrifugal ([orizontal) 


4 With discharge valve closed 
High-and mnediunsapecd 


With discharge Jalve open 
—Centrifugal (Vertical) 
4 With discharge valve closed 
High-and medium-speed 
Low-speed \ 
With discharge valve open 
4 Adjustable-blade——- Vertical 
Screw-type........ | 
Started dry...... Dein ets re heeees 
Primed, discharge open 
Axial-flow type... . foreeereeeeee ene 
With discharge open 
With discharge closed Same 


2—CEMENT, ROCK PRODUCTS AND MINING MACHINERY 
Grinding Mills 
1 Attrition 175% 
Ball and Compeb i 
Rock and coal....... 150% 
OFC ee ics i Sena eoe | 175% 
Rod and tube ke 175% 


250% 
80-100% 250% 
100% 250% 
70-100% 250% 
70-100% 250% 
70-100% 250% 
250% 
175% 
175% 


300% 
250% 
300% 
250% 


Billet, akelp and shect Har : 
(Continuous with lay+shaft drive).... 250% 


Hot-strip, continuous, individual drive 
roughing stands 250-300% 


Tube-piercing and expanding 300-350% 
Tube-rolling (plug)... . { 
Tube-reeling 
Sheet and tin (cold-rolli Ing) 
Brass and copper—-Roughing 
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TABLE 18—TYPICAL TORQUE REQUIREMENTS OF SYNCHRONOUS MOTOR APPLICATIONS—Continued 


TYPICAL TORQUE REQUIREMENTS 
In Percent of Full-Load Torque 


Locked-Rotor (Static) Pull-In Pull-Out 
Unloaded Loaded Unloaded Loaded 


APPLICATION 


4—PULP AND PAPER MACHINERY 


Beaters—Standard Sudta' ee 150% 
—Breaker........0c sees eve eeeee i oie 200% 

1 Chippers (empty) ees 250% 
Hydraupulpers 150% 
Jordans (plug out) 150% 
Pulp grinders—Magazine type ‘ eases 150% 
—3 or 4 Pochet type 150% 
Screens—Centrifugal 150% 
Vacuum pumps—(Hytor) cmcetd 200% 
1 Wood Hogs soe 225% 


5—RECIPROCATING MACHINERY 


Blowing Engines. ..........60-e00e0s ars Lads soot 150% 
Compressors 
Air and gas wee se8 150% 
Ammonia (discharge pressures 100 to 
250 psi) ase ae 150% 
1 Ammonia boosters? 
150% 
Carbon dioxide (with piston rod di- 
ameter of 30% to 60% of piston 
diameter) : 
1 Single-cylinder, double acting. ... 40-120% 150% 
Two-cylinder, double acting 150% 
Pumps—Positive displacement a% areca @ 
Started dry Hees 150% 
By-passed.......-+.000> Gipwlale oie -sualeiess Soe sie oir 150% 
Not by-passed (3-cylinder Vanten 150% 
1 Vacuum pumps 150% 


6—RUBBER MILLS 
Banbury mixers siginate 250% 
Line shafts 225% 
Plasticators ati 250% 
Individual drive bias 250% 


7—SAWMILLS 


38—MISCELLANEOUS 


1 Blowers—Positive displacement, 
rotating, cycloidal type 
6 Bowl mills—(coal pulverizer) 
(with common motor for pulverizer 
and exhaust fan) 
Compressors—Positive displacement, 
rotating, sliding-vane type: 
By-pass open 
Inlet open, by-pass closed 
1 Flour mill line shafts.........6...e008 
1 Gas cleaners—(Thiessen) 
1 Vacuum pumps—(Hytor) 
In other than paper mill service 


1 These applications have high inertia, and the Wk? of the load may require a motor design which cannot be determined from the 
bey ie xequbemnnts alone. For these applications the motor manufacturer should always be provided with the actual value of the Wk? 
of the load. 

234 The torque requirements may vary for the individual machine. The manufacturer should be consulted 

5 May require higher torques under certain conditions; such as starting with cold air when rating is based upon normally warm air. 

6On some mills the exhaust fan may be separately driven and different torque values will apply; in either case the mill manufacturer 
should he consulted. 
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Fig. H-57. This pedestal-bearing, 1000-h)p, 720-rpm 
synchronous motor has direct-connected exciter. 


| 
synchronous motor applications are given in Table 18. 
Standard horsepower ratings, voltages ancl speeds of 
synchronous motors are given in Tables 17A, B and C. 


CONSTRUCTION OF SYNCHRONOUS MOTORS 


Synchronous motors may be divided into two general 
classifications: (a) High-speed motors, operating at 
speeds of 500 rpm or mr and (b) low-speed motors, 
having specds below 500|rpm. 


High-Speed Motors | 


For high-speed synchronous motors, the temperature 
rise, based on an ambient temperature of 40 C, normal 
conditions of ventilation, and an altitude 0:7 3300 fect 
(1000 meters) or less, will not exceed: 

Unity power factor motors: 

Armature.........4 |...40 C by thermcmeter 
Field uss iscese ced |...50 C by resistance 


Leading power factor motors and all motors having 
greater than normal torques: 


Armature.......... |...40C by thermometer 
Field.............. .. 60 C by resistance 


End-shield bearing construction is generally con- 
sidered standard up to land including the following 
ratings; these limitations! may be exceeded for certain 
steady-load applications! such as centrifugal com- 
pressors, at speeds from 500 to 900 rpm: 


Hp per Rpm 
Rpm i LOPS 0.8 Pf 
500 to 900......... 1.0 1.0 
1200.............. 1.0 0.8 
L800 seiicesis a retecececan ts 0.7 0.5 


Larger motors are generally furnished with a base 
and two pedestal-type bearings. Provision for stator 
shift (to facilitate inspection and repair of windings) is 
not standard but can be obtained at slight extra cost 
in most ratings, except that it is usually impractical 
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Fig. H-58. Rotor for 900-hp, 0.8-pf, 900-rpm 
synchronous motor shows collector ring details. 


Low-Speed Motors 


he temperature rise for standard low-speed moto 


is 50 C, that is, 10 C higher than for high-speed motor. 


However, the use of motors’ with this temperature ri 
is usually confined to such applications as reciprocatin 
compressors and other non-overloading drives. Moto 
with the same temperature rise as high-speed units ar 
available and essential for many types of applicatio 
such as metal rolling mills, ball mills, ete. 

w-specd motors are available in engine-typ 
end;shield bearing, and pedéstal-bearing constructio 
(Figs. 54 to 62.) Engine-type units, which are furnishe 
without shaft, base or bearings, are widely used fo 
applications such as reciprocating compressors. End 
shield bearing construction is limited to some smalle 
ratings. Pedestal-bearing construction, with base ar 
ranged for stator shift optional, is available in al 
larger sizes. 


Vertical Motors 


Vertical construction is generally available for mos 
ratings and is widely used for pump drives. 
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Fig. H-60. Enclosed synchronous motor rated 4500 hp 
driving roughing stand in eastern steel mill. 


Excitation 


Field excitation should be provided from a source 
that is not subject to circuit interruption. Direct- 
connected exciters are preferable for. high-speed 
motors. For low-speed units, belted exciters or separate 
motor-generator sets are recommended. 


MOTOR PROTECTION 


Classification of machines by types of mechanical 
protection and methods of cooling will be found in the 
definitions on pages 4 to 9. Accompanying illustrations 
show some of the types applicable to synchronous 
motors, and Table 19 gives a brief summary of such 
features. Because synchronous motors are not built in 
ratings as small as induction motors, some types (such 
as totally-enclosed non-ventilated construction) are 
not practical. 


DATA ON COMPARISON 


As a further aid to motor selection, the various 
characteristics of synchronous and induction motors 
have been summarized in Table 20. 


Fig. H-61. 
chronous mofors driving paper mill pulp grinders, 
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Five 3500-hp, 11,200-volt, 257-rpm _ syn- 


Fig. H-62. Built for cement grinding mill use, this 
synchronous motor is rated 1500 hp, 180 rpm. 


TABLE 19—SUMMARY OF PROTECTION AND ENCLOSURES—SYNCHRONOUS MOTORS 


Standard 
Temperature Rise 
Class A Insulation 


Same as open motor 


Approximate 
Range of Sizes 


All ratings 


re of 
Enclosure 


Drip-proof 


Splash-proof All ratings 50 C 


Enclosed collector All ratings Same as open motor 


rings 


Enclosed, forced- Same as open motor 


All ratings 
ventilated é 


Enclosed-self- 40 C 


ventilated 


High-speed 
only 


High-speed 
only 


Totally-enclosed, 55 C 


fan-cooled 


Approximate 
Cost Increase 


4 to 10% 


Application Information 


Protection against dripping 
liquids or falling particles. 


15% Protection against dripping 


and splashing liquids. 
4 to 30% Used in both explosive and 
non-explosive at- 
mospheres. 


4 to 20% Same as fan-cooled. 


40% 


Same as fan-cooled, 


135% Used where abrasive dust, 


dirt, grit, or corrosive 
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| TABLE 20—COMPARISON OF GENERAL CHARACTERISTICS OF 
SYNCHRONOUS AND INDUCTION MOTORS 


Synchronous Motors 


Operates at unity (1.0) power factor with current in phase with 
voltage, or at leading power factor with current leading voltage. 
Hence, eminently suitable’ for power factor correction or im- 
provement. i 


The speed is an inverse function of the number of poles and 
the power supply frequency, with which the motor is synchro- 
nized. The speed is constant and cannot be changed unless the 
frequency is changed (except in the case of two-speed motors, 
which are available in the | arger sizes only). 


Salient poles, an amortisseur winding, and a field winding with 
a collector assembly replace the simpler cage rotor of the induc- 
tion motor. 


Motor is started with the field circuit closed through a re- 
sistor to pet injury from high voltages due to transformer 
action. When excitation is removed, on shutting down the motor, 
the field is closed through a resistor to protect windings from 
high discharge voltages. ith present control, failure from these 
sources seldom occurs. 

| 
| 
| 


Requires a, separate exciter with shunt field rheostat, or a motor 
field rheostat if excited from a source common to several motors. 
eu additional metering and field switches on the auxiliary 
control. i 


inducticii Motors 


Power Factor 


Power factor is always lagging due to meeroaaine current re- 
quirements. It is higher in high-speed and large motors than 
in [low-speed and smaller motors. It is highest at full load and 
debreases with decreasing load. 


Speed 


Because of slip, standard motor speed is a few percent below 
syhchronous speed but remains constant under constant load 
cohditions. Special high-torque motors have higher slip. Motors 
cah be designed as high-slip machines, with slip of 5 to 12 percent 
epending on size. 
Wound-rotor motors with external adjustable resistance in 
ropor circuit can provide a wide range of speed. 


he polyphase squirrel-cage motor is the simplest in construction 
or that reason it is the most reliable of all motors. 


he wound-rotor type has: a phase-wound rotor winding, 
collector rings and brush rigging, but these do not affect its 
dependability. However, wound-rotor motors for plugging duty 
require special attention in design because of the double normal 
vditage when plugging on full. voltage. 


| Auxiliary Apparatus 


Nb auxiliary apparatus is recuired for squirrel-cage motors. 
ound-roter motors require secondary control. 


| Torques and Starting Kva 


Starting, pull-up, pull-in, and pull-out torques ample for nearly 
all types of constant-speed applications are obtainable. High- 
speed motor torques have been standardized by NEMA for 
common applications, but other values can also be obtained. 


Locked-rotor (starting); current is proporticnal to torque 
requirements. It ranges from 250 percent for low-speed, low- 
torque compressor motors to 600 percent or more for high-speed, 
high-torque motors. H 


May be designed for starting (1) on full voltage, (2) on reduced 
voltage by means of an autotransformer or a reactor, or (3) by 
the part-winding method,| in which full voltage is applied suc- 
cessively to each of several sections of the stator winding. 

With present-day controls providing at least some automatic 
functions, such as automatic field application, starting has 
become nearly as simple as for cage motors. Some precautions 
must, of course, be observed in selecting the control; for example, 
a motor designed to start 4 machine wholly or pa:tially unloaded 
should not have a control arranged for automatic resynchroniza- 
tion unless the driven ma¢hine also has an automatic unloading 
device. Controls are usually semi- or fully-automatic and provide 
protection for various causes of failure. 


otor design classification determines variation of cage motor 
torques from starting to breakdown. Locked-rotor (starting) 
current for general-purpose ratings is in accordance with NEMA 
sthndards, and ranges from 400 to 650 percent for large ratings. 


Starting currents for wound-rotor motors depend on secondary 
resistance and nature of the load. Starting current may be as 
low as 25 percent for first step and usually will not exceed 250 

800 percent for full-load torque. Average accelerating current 
far average conditions is 125 percent. 


Al squirrel-cage motor may be started on reduced or full voltage. 
the latter case a push-button-operated magnetic line con- 
tactor may be all that is needed. 
Manual or fully automatic magnetic controls are available 
fdr both the primary of cage ‘and wound-rotor motors and the 
secondary of wound-rotor motors. 


Sizes and. Efficiencies 


Not extensively used in ratings below 40 or 50 hp. In ratings 
smaller than this, it is always a good idea to consider induction 
motors for high speeds and gearmotors for low speeds. 

For high speeds, weights and dimensions are comparable to 
those of squirrel-cage motors except as added to by the exciters. 
For lower speeds, the synchronous type gradually becomes 
smaller-than the induction type; this is particularly true at unity 
power factor. 

Wficiencies for unity power-factor motors are somewhat 

= pc] wae 2 i Wats tT pot motors ore 
rove ( 


lable 10 shows the efficiencies of standard induction motors. 

plyphase induction motors éan be built; in any practical size 
and speed. The only limit to size is the capacity of the suppcrine 
ppwer system, starting current limitations, and effect of lagging 
ppwer factor on the system. 

For very large sizes at low speeds, such as large pump motors 

r irrigation projects, the synchronous motor usually warrants 
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ig. H-63. Air-cooled synchronous condenser with 
wound-rotor induction starting motor. 


SYNCHRONOUS CONDENSERS 


A synchronous condenser is essentially a synchronous 
motor running without load while connected to an 
electrical system. From an economic standpoint their 
se is confined to the larger systems where correction 
alues are 1000 kva and over. These condensers can 
Blso be described as synchronous phase modifiers 

nning without mechanical load, whose field excitation 
an be varied so as to modify the power factor of the 
system, or through such modification to serve as 
oltage regulators. Fig. 63 shows a 12,500/6250-kva, 
#160-volt, 900-rpm air-cooled synchronous condenser 
with its wound-rotor starting motor. 

Small condensers are mainly used for their corrective 
pffect on system power factor, by supplying reactive 
kva to the system. The condenser may be controlled 


SYNCHRONOUS 


Fig. H-64. Air-cooled synchronous condenser rated 
25,000 /12,500 kva is used in a southern steel plant. 


to maintain a given system power factor, or it may be 
operated at full leading kvar to supply all or part 
of the system reactive kva. If the condenser is over- 
excited it supplies leading kva, and if under-excited 
it supplies lagging kva. In either case, system losses 
are reduced, and capacity is released for useful work. 

Synchronous condensers are also much used for 
system voltage regulation. This function is especially 
important on long high-voltage transmission systems 
with high line charging capacity and loading. The 
inertia of a synchronous condenser improves the speed 
regulation and overall stability of the system. The 
flywheel effect (Wk?) enables the condenser to act 
momentarily as a generator to reduce system dis- 
turbances caused by sudden load increases. 


System improvement depends upon the inertia ratio 


ABLE 21A—NEMA STANDARD KVA, SPEED AND VOLTAGES, AIR-COOLED SYNCHRONOUS CONDENSERS 


Leading Lagging 


Speed 
Kva Kva 60 Cycles 240 
100 50 1200 
200 100 1200 
250 125 1200 
300 150 1200 


400 200 1200 
500 250 1200 
750 375 1200 
1000 500 1200 


1500 750 
2000 1000 
2500 1250 
3000 1500 


4000 2000 
5000 2500 
7500 3750 
10000 5000 


15000 7500 
20000 10000 
25000 12500 
30000 15000 


40000 20000 
50000 25000 
60000 30000 
75000 37500 


Voltage Ratings 


600 2400 4160 6900 *11,500 13,800 


mm OM 
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wt 
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Fig. H-65. Outdoor installation of 40,000/16,800- 


kva, hydrogen-cogled synchronous condenser. 


of the system and thd condenser, which is influenced 
by the size of the condenser. For example, the inertia 
constant H ranges from 1.0 for a 5000-kva condenser 
to 2.0 for a 75,000-kva condenser, in the case of air- 
cooled condensers ratdd at 13,800 volts. 

Synchronous condensers are available in two forms, 
air cooled, including indoor and outdoor types, and 
hydrogen cooled. The! construction of the indoor air- 
cooled condensers is very similar to that of an ordinary 
synchronous motor. They depend for cooling on the 
free circulation of air! through and back of the core 
and windings of the stator. Outdoor aiz:-cooled con- 
densers may be either| self-ventilated, or they may be 
totally enclosed, using a recirculating ventilating sys- 
tem with coolers in the foundation. Ratings 3,000 kva 
and larger are available in the completely enclosed type. 

Table 21A gives the NEMA ratings for air-cooled 
synchronous condenser. 

Major operating advantages of hydrogen-cooled 
condensers can be summarized as follows. First, the 
windage loss drops about 90 percent for average 
operating conditions, with a consequent dvop in leading 
kva load losses. Second, the higher heat transfer 
coefficient of hydrogen makes for better output from 
a given rating, and permits operating under overloads. 


TABLE 21B—NEMA STANDARD KVA, SPEED AND 
VOLTAGES 


HYDROGEN-COOLED | SYNCHRONOUS (CONDENSERS 


Leading Lagging 
Kva Kva 


i 

Speed Voltage Ratings 
60 Gyles 4,160 6,900 *11,500 13,800 
15,000 x x 
20,000 x 
25,000 
30,000 
40,000 
50,000 
60,000 
75,000 5 


atalelatelalala’ 


inally, maintenance is reduced because damage to 
insulation from corona-produced ozone is prac- 
ti¢ally eliminated, and so is overheating caused by the 
accumulation of dirt in the ventilating passages. 
Fig. 65 shows a hydrogen-cooled condenser installed 
in} a substation, and Table 21B gives the NEMA 
attings of such condensers, 


Excitation 


Exciters are usually of the direct connected type. 
cases where condensers are serving as voltage 


leading capacity. 
An excitation system that acts accurately and 
Apidly is necessary to obtain a sraocoth variation of 


hydrogen-cooled condensers consists of the following 
equipment: 
. Direct connected stabilized main exciter. 
. Standard motor-operated main exciter field rheo- 
stat (for manual control in emergencies). 
. Motor driven Regulex exciter set. 
. Static impedance type automatic voltage regu- 
lating control, using'a saturated transformer and 
a discriminating circuit. 


om autotransformers is the one most commonly 
uped. Taps are provided for from approximately 20 to 
percent of rated voltage, depending on the require- 
ents of the system. As the larger condensers are 
provided with high pressure lubrication, which reduces 
the breakaway torque, most machines can be started 
with no more than full load line current when auto- 
transformers are used. 
If minimum starting kva is desirable for any reason, 
al direct connected wound-rotor induction motor can 
used. The motor is designed with two poles less than 
the condenser in order to accelerate the latter to 


hronous generator. The motor and control are usually 
Hased on a starting time of about 2-1/2 minutes for 
| 5000-kva condenser, and up to 5 minutes for the 
larger sizes. 


Condensers as Power Factor Correctors 


The application and effect of a synchronous con- 
denser for power factor correction can probably be 
Hest shown by taking a concrete example. This case is 
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the power factor of a 300-kw system operating at 


we] (0-75 pe. 


The first step is to express the components of the 


system as shown in Fig. 66. 


H 


A 
300 Kw B 


——— 264.5 Kvar ————— 


Fig. H-66. Vector presentation of a system 
delivering 300 kw at 0.75 power factor. 


* lI9.3 KVA 


264.5 KA ———” 


A’ 300 KWSENERGY COMPONENT B 


Fig. H-67. Determination of condenser output needed 


” to raise power factor from 0.75 to 0.9. 
H 


A 300 KW B 


Fig. H-68. Effect of adding a 150-kva synchronous 


15O KVA CONDENSER 


264.5 KVA———— 


SYNCHRONOUS 


kw 
Using the equation pf = ina and solving for kva 


300 
we have a or 400 kva. 


In Fig. 66 line AB equals 300 kw. Since kvar is 
always at right angles to kw, the perpendicular BH 
is erected at B on AB. With A as a center, and a 
radius equal to 400 kva an arc is described that cuts 
BH at C. 

The triangle ABC shows graphically the total kva 
(AC) of the generator, its energy component (AB) and 
the wattless component (BC), which is 264.5 kvar. The 
triangle also shows the phase relation between AB and 
AC: angle A. This angle need not be determined be- 


; AB 
cause its cosine (Gc) equals the power factor, 0.75. 
5 3 kw 
As the next step, using the same equation pf = ae 
Vv ? 


and assuming that a power factor of 0.9 is desired, 
solving for kva shows that the system must be altered 
so that it delivers only 333.3 kva (va = a) 
Then using the triangle already developed, with A as 
a center, and 333.3 kva as a radius an arc is described 
that cuts BC at E (Fig. 67). By scale, or otherwise, 
BE = 145.2 kvar, and EC = 119.3 kvar. 

Therefore, a synchronous condenser with an output 
of 119.8 kva at zero pf leading would correct the system 
power factor to 0.9. 

Y’o take another phase of the problem, assume that 
it is desired to find out what the effect would be of 
adding a 150-kva condenser; 150 kvar is laid off on 
line CB. The value of AK can be found by scale 
measurement, or by solving the triangle; ABK, to be 
321.1 kvar. (Fig. 68.) 


. 300 
The resultant power factor is 55,, = 0.93.4. 


321.1 
DIRECT-CURRENT MOTORS 


Direct-current motors are used for applications that 
require continuous operation under fairly constant 
load (such as fans, blowers, line shafting) in plants 
having direct-current rather than alternating-current 
power service. In addition, they are used for applica- 
tions such as machine tools when fine specd adjustment 
and other characteristics of de motors are so necessary 
that the cost of conversion equipment is warranted 
when the source of electrical power supplies alternating 
current. 

Direct-current motors are divided into three classes: 
serics, shunt and compound wound. These terms refer 
to the relationship of the connections between the 
armature and fields. Each type is explained briefly 
below, while Table 22 on page 36 provides a ready 
comparison of the applications and operating char- 


Approwednkorteleaze.1999/09/10 : CIA¢RBP83-00423R001200450002-7 


H-36 approved For Release 1999/09/10 : CIA 


DC MOTOR 


-RDP83-00423R001200450002-7RGHT 


TABLE 22—COMPARISCN OF GENERAL CHARACTERISTICS OF DC MOTORS 


Series Motors 


Where speed can be regulated and where 
high starting torque is necessary. Car 
retarding, traction, car dympers, hoists, 


gates, etc. 


High. Varies as square of voltage. Limited 
by commutation and heating. 


High. Limited by commutation and 
heating. | 


Zero to maximum, according to load 
and control. 


Speed varies inversely with the load. 
Races on light loads and full voltage. 


TABLE 23A—STANDARD HORSEPOWER RATINGS 


—DC MOTORS 


Shunt Mofors 
Applications 
Where starting conditions| are not severe 
ancl where constant or adjustable speed 
is ‘aecessary. Metal working machines, 
elevators, centrifugal pumips, line shafts, 
woodworking machines, |blowers, con- 
veyors, fans, ete. 


Starting Tord 


Good. Constant field, varies directly as 
voliage applied to armature. 


Pull-Out Torque 
High. Limited by commutation and 
heating. 
Speed Contrp 


Any range desired, according to type of 
motor and system. 


Speed Regulation 


Varics with size and speed range from 2 
to “5 percent. Close regulation obtainable 
with special control. 


SERIES MOTORS 


Compound Motors 


Required where high starting torque 
combined with fairly constant speed is 
necessary. Conveyors, plunger pumps, 
bending rolls, punch presses, elevators 
(geared), shears, hoists, etc. 


Higher than for shunt motors, according 
to amount of compounding. 


High. Limited by commutation and 
heating. 


Any range desired, according to type of 
motor and control. 


Drops 7 to 25 percent from no load to 
full load, according to type of motor 
and control. 


(he armature and fields of the series motor are 


GENERAL-PURPOSE MOTORS: 1/2, 3/4, 1, 1-1/2, 2, 3, 
5, 7-1/2, 10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 125, 150, 200. 

LARGE MOTORS: 250, | 300, 350, 400, 500, 600, 700, 800, 
900, 1000, 1250, 1500, 1750, 2000, 2250, 2500, 3000, 3500, 
4000, 4500, 5000, 5500, 4000, 7000, 8000. 


TABLE 23B—STANDARD VOLTAGES—DC MOTORS 


Approximate Hp Range 
1/2 — 30 
1/2 — 200 
250 — 1000 
250 — 8000 


Voltage 


its |specd increases to the destruction point. 
odifications of the series motor include a small 

shunt winding of sufficient strength to prevent the 

Era ge 2 —s a0 motor reaching dangerous speed but not materially 


1150 — 800 changing its series characteristic. 
— 1750 
— 2250 
— 2500 
— 3000 
— 3500 
— 4000 
— 4500 
— 5000 
— 5000 
— 5000 
— 5000 


TABLE 23C—STANDARD SPEEDS—-DC MOTORS 
Speed in Rpm : Approximate Hp Range 


SHUNT MOTORS 

he armature and fields of the shunt motor are 
connected in “shunt” or parallel (Fig. 70), and the 
speed of the motor is practically constant. This is due 

he constant strength of the field. 

fodifications of the shunt motor include a small 
serips winding of sufficient strength to assure a drooping 
speed characteristic over a field weakening range. 

this type of motor is coramonly called a stabilized 
shunt motor. Connections are the same as shown for 
compound-wound motors. 


COMPOUND MOTORS 
The compound-wound motor has both series and 
shunt windings (Fig. 71), resulting in the characteristics 
1000 of Hoth series and shunt motors. That is, it provides 
starting torque and constant speed. The exact 


*These 8 2 s standar r motors larger than '2 np only. 
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Fig. H-69. Field and armature relationship in a 
series-wound de motor. 


Fig. H-70. Field and armature relationship 
shunt-wound dc motor. 


Fig. H-71. Field and armature relationship in a 
compound-wound dc motor. 


depend upon the relationship of the series and shunt 
fields. 

Standard horsepower ratings, voltages and speeds of 
direct-current motors are given in Table 23. 
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MOTORS 


Fig. H-73. Field yoke ready for insertion of special 
compensating winding in pole faces. 


MOTOR PROTECTION 


Classification of machines by types of mechanical 
protection and methods of cooling will be found in the 
definitions on page 4. Illustrations on pages 5 to 9 show 
the construction employed for various types, and 
Table 24 gives a brief summary of such features. This 
table shows (a) the approximate range of ratings in 
which each type is built, (b) the maximum temperature 
rise for Class A insulated machines, (c) the approximate 
increase in cost over the standard open type, and 
(d) application suggestions. 


TABLE 24—SUMMARY OF PROTECTION AND ENCLOSURES—DC MOTORS 


ype of Approximate Temperature 
Enclosure Range of Sizes ise 


Drip-proof All sizes 50 C 
40 C 


All sizes 50 C 
40 C 


Drip-proof, All sizes 55 C. 
fully protected 40 C 


All sizes 50 C 
40 C 


All sizes 40 C 
All sizes 40C 


Protected 


Splash-proof 


Separately ventilated 
Self-ventilated 


Totally-enclosed: 
Non-ventilated 
Fan-cooled 


1/2 to 15 hp 55 C 
1 to 100 hp 55 C 


Approximate 


Cost Increase Application Information 


Protection against dripping 


2% 
10 to 17% liquids or falling particles. 


5% 
12 to 20% 


5% 
12 to 20% 


8 to 15% 
16 to 27% 


9 to 15% 
15 to 30% 


Protection against metal chips in 
machine shops, etc. 


Combines above features. 


Protection against dripping and 
splashing liquids. 


Same as totally-enclosed. 


Same as totally-enclosed. 


Used where abrasive dust, dirt, 
grit, or corrosive fumes are too 
severe for open motors. Metal- 
working plants, foundries, ma- 


35 to 110% 
35 to 90% 


Approved For Release 1999/09/10 : CIA-RDP83-00423RO012U0450002-7 


H-38 , 
DC MOTO 


EFFECTS OF VOLTAGE VARIATION 


Direct-current systenjs, like alternating-current sys- 
tems, are subject to variations in voltage above or 
below the rated value. Standard-voltage motors will 
operate successfully, but not necessarily in accordance 
with standard guarante¢s, at voltages 10 percent above 
or below the nameplateistamping. 

Table 25 shows the general effects of operating shunt 
and compound-wound mnotors at voltages above and 
below normal. 


cee CONTROL 


In many plant operations adjustable-speed control is 
essential to production efficiency and product quality. 
In metal-working shops; rubber mills, paper mills, and 
textile finishing plants, for example, the advantages 
of having operating speeds that can be exactly ad- 
justed to suit the dimensions, materials and. conditions 
that affect quantity and quality of production can 
hardly be overemphasized. 

Where de power is available, obtaining adjustable 
speed presents few difficulties, for de motors have the 
characteristics most desirable for adjustable-speed 
service. And a wide yariety of control equipment 
makes it possible to oie a suitable drive for prac- 
tically any application. | 

Where only the more |widely used 3-phase ac power 
is available adjustable-speed operation is not as readily 
obtainable, but neither is it impossible of attainment. 

In either case, it is itnportant not to overlook the 
fact that selection of a| satisfactory methcd of speed 
control, when required, can quickly pay for itself with 
even a slight increase in daily output. Following is a 
summary of the principal methods available for plants 
having direct current and for those limited to alter- 
nating current: 
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Fig) H-74. Test assembly: of shunt-fleld controlled 
wire-drawing machinery with 30/40-hp de motors. 


Direct-Current Plants 


. Shunt-field control. 

. Armature control. 

. Combined shunt-field’ and armature control. 
. Variable-voltage control. 


Alternating-Current Plants 


1. Wound-rotor induction motors. 
. Multi-speed induction motors. 
. Use of conversion equipment to provide de power. 
Page H-48, 
. Variable-pitch V-belt drives. 
. Magnetic or hydraulic: couplings. 


SHUNT-FIELD CONTROL 


ariation in the speed of a shunt-wound or stabilized 
shunt-wound motor is obtained by inserting an ad- 
justable resistor in the shunt-field circuit of the motor. 
This provides adjustable-speed control because the 
speed of the motor varies inversely with the strength 


TABLE 25—EFFECTS OF VOLTAGE VARIATION ON DC MOTORS 


: STANDARD SHUNT MOTORS 
Voltage | Percent Starting 
Variation | EFFICIENCY Full Maximum Maximum 
from i Load | Full Load Running Overload Temperature Rise, 
Normal Full Load 75% Load 50% Load Speed Current Torque Cap: acity Full Load 
10% low Slightly lower, Nochange Slightly higher —5% |-+11-1/2% —16% ~16% Main field higher. 
H Conmutator, field 
. and armature higher. 
10% high Slightly higher Nochange Slightly lower +5% | —8-1/2% +15% +15% Main field higher. 
| Cormutator, field 
and armature lower. 
20% high Slightly higher Nochange Slightlylower +10% |—17% +30% +30% Main field higher. 
: Conamutator, field 
and armature lower. 
STANDARD COMPOUND-WOUND MOTORS 
10% low Slightly lower; Nochange Slightly higher —6% |-+-11-1/2% —16% —16% Main field lower. 
‘ : Commutator, field 
and armature higher. 
10% high Slightly higher No change Slightly lower +6% | —8-1/2% +15% +15% Main field higher. 
. Commutator, field 
; and armature lower. 
20% high Slightly higher Nochange Slightly lower +12% | —17% +30% +30% Main field higher. 
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Fig. H-75. Variable-voltage and shunt-field control 
are used for 600-hp, flywheel-type tube-mill motor. 


of the fields. That is, the stronger the fields the lower 
the specd; as the fields are weakened the specd in- 
creases. 

As the strength of the field is deereased, the torque 
delivered by the motor also decreases; but sinee the 
speed increases proportionately, the horsepower output 
of the motor would be expected to remain constant. 
However, due to increased ventilation at the higher 
speeds, the horsepower capacity will actually be 
slightly more than at the low specds. This increase in 
capacity can be used to advantage in providing an 
economical drive. 

The efficiency is relatively high at all specds, and 
the speed regulation from no-load to full-load can be 
held within close limits. Motors with specd ranges of 
4 to 1 are regularly supplied, and ranges of 6 to | are 
sometimes practicable. The limitation to the specd. 
increase is the ability of the motor to carry the load 
at the high speeds without sparking. 

Compound-wound motors are sometimes used for 
this method of speed adjustment, but the results are 
not as satisfactory as with shunt or stabilized shunt- 
wound motors. When the compound-wound motor has 
its shunt fields weakened to too great an extent, it more 
nearly approaches the characteristics of the series 
motor—with the inherently poor speed regulation of 
the series type. 


ARMATURE CONTROL 


Speed control using this method is obtained by 
inserting a variable resistor in the armature circuit. 
A shunt-wound motor is generally used. Speeds obtained 
are below the normal motor speed, and the horsepower 
output decreases directly with the speed. Armature 
control is not usually employed for speed reductions 
greater than 50 percent below normal: The efficiency of 
the motor is reduced at the low speeds, and the speed 
regulation, while satisfactory at the high speeds, 
becomes poor as the speed decreases. 

Nevertheless, the armature control method can be 
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Fig. H-76. Planer drive with 30-hp motor also has 
combined variable-voltage and shunt-fleld control. 


is so small that the low efficiency is not important, and 
where a constant-horsepower output with close specd 
regulation is not required. This system is frequently 
used for fans and blowers, especially where the unit 
operates at the low specds for only a few hours a day. 

By using a compound-wound motor it is possible to 
obtain better starting characteristics for heavy loads 
than with the shunt-wound motor; but because. of 
poor specd regulation, adjustment should be limited 
to about 30 percent below normal. 

Series-wound motors are occasionally used with 
armature control for adjustable-speed service. Of 
course, with this type of motor, increased load will 
result in decreased specd, and decreased load will 
result in increased specd. Their principal use is for 
hoisting machinery in which some load is always 
present. While the load is being lifted, the speed can 
be adjusted fairly closely by regulating the amount of 
resistance introduced into the circuit. Series motors are 
useful where heavy starting loads are involved, since 
the torque developed is, up to the stalling point of the 
motor, determined by the load imposed. 


COMBINED SHUNT-FIELD AND ARMATURE CONTROL 


Combined shunt-field and armature control provides 
a wider speed range than can be obtained by either 
system alone. The speed is reduced below normal by 
armature control and increased above normal by field 
control. 

Such a combination is used on printing presses, fans, 
blowers, and similar applications. That is, it is used 
where low specds without close regulation are required 
at times but with most of the operation above normal, 
since the efficiency by field control is much better than 
by armature control. 


VARIABLE-VOLTAGE CONTROL 


As the name implies, this method makes use of the 
fact that the specd of the motor will vary in direct 
proportion to the voltage of the current supplied to the 
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smooth, gradual increase in speed is needed—over a 
wider range than can usually be obtained by other 
methods. 


In its simplest form this system consists of (a) an 
adjustable-speed de motor, (b) a motor-gencrator set 
to supply the power—at variable voltage---to drive the 
motor, and (¢) a constant-potential sou:ce of direct 
current for exciting the fields of both the adjustable- 
specd motor and the motor-generator set. gencrator. 


The armature of the generator is connected elec- 
trically to the armature of the adjustable-specd motor. 
Since the motor has its fields separately excited at a 
permanent flux value, its speed will be in direct propor- 
tion to the voltage supplied by the generator. The 
torque imparted to the motor armature will remain 
practically constant atiall times. Thus the horsepower 
output of the motor will vary with the motor speed, 
being greatest at the highest speed. 


Speed control is just as simple as for shunt-field 
control. It is accomplished with a field rheostat in the 
shunt field of the generator. Speeds of 10 to 1 are 
frequently used, while a 15 to 1 or even 2() to 1 range 
may be obtained under favorable circumstances. 


Speed regulation is at its best at the higher speeds; 
at the lowest speeds it ig close enough to be satisfactory 
for most applications. The efficiency at high speed is 
not as high as with other forms of control; at low speed 
the efficiency is higher than with armature control but 
lower than with shunt-field control. It is more economi- 
cal in the use of power than either of the other two 


methods. 
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Motor field weakening: above base speed may be 

ployed along with variable-voltage control to pro- 
vide a very wide speed range of de motor operation. 

The variable-voltage system can. be used in both 

and de plants. When used on alternating current, 
the generator is usually’ driven by a squirrel-cage 
induction motor; larger sets may be driven by syn- 
cHronous motors, and flywheel sets for reversing hoist 
or metal rolling mill motors are driven by wound- 
totor motors. Excitation .is usually provided by an 
exciter direct-connected to the motor-generator set. 

For the smaller horsepower drives, the last few 
years have secn increasing use of electronic tubes to 
re¢tify alternating current to direct current to power 
de motors. See Section Q.. A wide rotor speed range 
may be obtained by varying the output voltage of the 
power tubes. Excitation for the field of the motor is 
algo obtained from electronic tubes. In addition, by 
suitably controlling the power tube output, motor IR 
drop compensation may be obtained, providing very 
good motor specd regulation even at very low speeds. 
Table 26 gives a summary of the principal methods of 
sp¢ed control. 


METHODS DISCUSSED ELSEWHERE 


he use of wound-rotor and multi-speed squirrel-cage 

ors is discussed in the section on induction motors 
(sep pages 20 and 21, respectively). Equipment for 
converting alternating current to direct current is 
distussed in various sections of this book, including 
the] preceding section on variable-voltage control and 

ubsequent section on motor-generator sets. 


TABLE 26. SUMMARY OF PRINCIPAL METHODS OF SPEED CONTROL 


Range of 
Hp Ratings 


Speed 


Method Range 


Regulation 


Torque 


Characteristics Remarks 


Shunt-field 
control 


Armature 
control 


ombined 
shunt-field 
and armature 
control 


ariable 
voltage 


W ound-rotor 


1/2\hp 
and larger 


1/2|hp 
and larger 


1/2 hp 
and | irger 


| 
1 hp 
and larger 
| 


3/4 hp 
and larger 
1 


1/2 hp 
and larger 


4tol, 
sometimes 
6tol 


2tol 


10 tol, 
sometimes 
15 or 20 


Can be held 
within close 
limits. 


Satisfactory at 
high speeds, 
not so good 


at low specds. 


See above 
listings. 


Good at high 
specds, satis 
factory at 
low speeds. 


Poor at reduced 


speed motor. 


Reduction of 
torque as speed 
increases. 


Horsepower de- 


creases directly | 


with speed. 


See above 
listings. 


Torque remains 
constant, 


Iforsepower de-~ 
creases with 
speed. 


Constant horse- 


power, constant 


.Most frequently used of all 
for de adjustable-speed 
; motors. 
‘Used principally for smaller 
motors and where oper- 
ation at low speeds is for 
only a few hours a day. 
Series motors used for 
hoist drives. 


Used where most operation 
will be above normal 
speed. 


Requires separate motor- 
: generator set. 


Iligh starting torques; low 
: efficiencies. 


Gives 2, 3, or 4 fixed specds, 
except when wound-rotor 


Or torque, or vari- s 
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Fig. H-77. Geared turbine-driven, 250-kw, 312-kva, 
1200-rpm synchronous generators. 


GENERATORS 


The rapid growth of power-gencrating central sta- 
tions and power-transmission systems has provided 
industry with an abundant supply of electric power. 
Development of water power, which accounts for 
about 25 percent of the total, and refinements in the 
design of steam-generating equipment have resulted in 
the production of power at remarkably low cost. 


Since utilities generate power with large and con- 
sequently more efficient units, purchased power is 
economically satisfactory for most industrial purposes. 


However, there are cases where industry finds it 
desirable to generate its own power: Where steam is 
essential in manufacturing processes, it may be ad- 
vantageous to install a non-condensing turbine-genera- 
tor unit. In some locations, the advantages of large-scale 
generation may be unobtainable; on shipboard it is 
obviously impossible. If continuous operation is impera~- 
tive, it may be essential to provide standby power. 


The advantages and disadvantages must be carefully 
weighed, both from the standpoint of cost and manu- 
facturing efficiency. If the decision favors power 
generation, the selection must be made between 
alternating current and direct current. 


There are fields where only direct current will mect 
the requirements, such as extra-wide speed range or 
severe accelerating or reversing duty. For most ap- 
plications, alternating current is satisfactory, since 
suitable performance can usually be obtained with ac 
motors and control, and there are many ficlds in which 
alternating current is the only suitable choice. 


ALTERNATING-CURRENT (SYNCHRONOUS) 
GENERATORS 


Synchronous generators are generally divided into 
three groups, as follows: 


1, Two-pole, 3600-rpm (60-cycle) generators direct- 


ATORS 
GENERAL 


Fig. H-78. Horizontal hydraulic-turbine driven, 
3000-kva, 720-rpm synchronous generator. 


2. High-specd generators, operating at 500 to 
1800 rpm. 

3. Low-speed generators, operating at less than 
500 rpm. 


As the problems involved in the selection and 
operation of two-pole turbine-generators are so closely 
related to those of the steam turbine, it has been 
considered advisable not to attempt to describe this 
class of equipment here. The following information 
applies to Groups 2 and 3 only. 


AC Generator Ratings 


Alternating-current generators are rated at the load 
they are capable of carrying continuously without 
exceeding their temperature guarantees. Hach rating 
is expressed in kilovolt-amperes available at the 
terminals at 0.8 power factor. Standard ratings for 
0.8 pf lagging generators are shown in Table 27A, B 
and C. 


Fig. H-79. Diesel-driven engine-type, 1875-kw, 
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TABLE 27A—STANDIARD KILOWATT RATINGS— 
SYNCHRONOUS GENERATORS 


| 
The following are N EMA listings for 60, 50 and 25-cycle, 0.8 
power factor lagging, polyphase synchronous generators ex- 
clusive of turbine-driven, water-wheel and inductor synchronous 
generators. | 


Kva Kw Kva Kva Kw 

1.25 #1 5 4375 3500 

5000 4000 

5625 4500 

6250 5000 

7500 6000 

8750 7000 

10000 8000 

12500 10000 

15625 12500 

18750 15000 

1000 25000 20000 

1250 31250 =. 25000 

1500 37500 =. 30000 

1750 43750 35000 

2000 50000 §=©.40000 

2250 62500 50000 

2500 75000 60000 
3000 


*The standard speeds for|this rating shall be 500 to 1800 rpm, 


inclusive. | 

For standard generators, the temperature rise, based 
on an ambient temperature of 40 C, normal conditions 
of ventilation, and an altitude of 3300 feet (1000 meters) 


or less, will not exceed: | 


Armature (stator) .| 50 C by thermometer, or 

60 C by temperature 
detector 

Field (rotor) 50 C by thermometer, or 


| 60 C by resistance 


AC Generator Construction 


High-speed generators are usually available with 
shaft and bearings for coupled duty. End-shield con- 
struction is, in general, |standard for the srnaller sizes, 
while pedestal-bearing construction is available for the 
larger ratings. Engine-type and belt-driven generators 
are also available in the high-speed range. 

For speeds below 500 rpm, engine-type generators 
are commonly furnished (Fig. 80); that is, the shaft, 
bearings and base are supplied by the engine builder. 
Sole plates for the stator are, however, included as 
standard equipment with engine-type generators. 
When required, two-bearing coupled-type or three- 
bearing belted-type genérators can be furnished in the 
low-speed ratings. 

Generator field rheostats are normally furnished with 
ac generators, but may be omitted under tke following 
circumstances: 


1. When the generator is excited from its own 
individual exciter and the exciter is used for no 
other purpose. (For operation without a generator 
field rheostat, the exciter must be of the stabilized 
type, stable down! to the voltage corresponding 


to the field voltage required by the generator 
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TABLE 27B—STANDARD VOLTAGES— 
SYNCHRONOUS GENERATORS 


Voltage Approximate Kya Range--0.8 Pf 
120 i Upto 93.8 
240 i Up to 875 
480, 600 i 6.3 — 1875 
2400, 2500 : 25 and larger 
4160 62.5 and larger 
NOTE: Higher voltages (4330, 6900, 11,500, and 13,800 
volts) are available, at additional cost, for large generators. 


TABLE 27C—STANDARD | SPEEDS—-SYNCHRONOUS 
GENERATORS 
Speed in Rpm Number of Approximate Kva 
(60 Cycles) Poles ange -— 0.8 Pf 
1800 Up to 625 
1200 12.5 — 3125 
900 31.3 — 5000 
720 31.3 - 
600 ,: 31.3 
514 31.3 
450 125 
400 125 
360 125 
327 125 
300 125 
277 125 
257 125 
240 125 
225 187 
200 187 
180 187 
164 187 
150 250 
138 4 312 
129 438 
120 438 
109 438 
100 438 


Any practicable required rating. 


4. When the exciter will never be paralleled with 
other exciters. 

. When certain forms of automatic voltage regula- 
tors (which have rheostats or their equivalent 
contained in the mechanism) are used. 


ACOA OGS-7 


Fig) H-80. Stator and 00: assemblies for a large 


- 
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Fig. H-81. V-belt drive is used for exciter 
economy on this low-speed ac generator. 


The recommended practice is to include a generator 
field rhcostat, as the same refinement of voltage control 
cannot be expected when the rheostat is omitted. 


Exciters 


Direct-connected exciters (Fig. 82) are preferable for 
high-speed generators. Standard construction provides 
for overhanging the exciter armature on the generator 
shaft, with the field frame supported from the generator 
end-shield or by an extension of the generator base. 
Occasionally, two-bearing coupled-type exciters are 
used. 

Belted exciters, either V-belt or flat-belt driven, are 
commonly used for the low-speed generators. 


Parallel Operation 

Successful parallel operation of ac generators driven 
by steam or internal-combustion engines is dependent 
upon the following: 

1. Laminated-pole generators must be cquipped 
with damper windings when one of the prime 
movers is an internal-combustion engine. 

2. The speed characteristics of the prime movers 
must be similar so that there will be a proper 
division of load. 

3. The governors of the prime movers must be 
designed and adjusted to prevent hunting, with 
interchange of power between the generators. 

. The value of the flywheel effect of the units in 
parallel must be such that: (a) The varying 
turning effort of the engine does not produce 
more than 0.5 to 0.6 percent variation in specd 
when the unit is operating alone. (b) The natural 
frequencies of oscillation of the units are far 
enough from the impulse frequencies so that 
objectionable oscillations are not sct up; usually 
20 percent difference between impulse and 
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Fig. H-82. Small, high-speed synchronous generator 
has direct-connected overhung exciter. 


Impulse frequencies are: four-cycle engines— 
one-half the speed of the engine and any multiple 
thereof; two-cycle engines—the speed of the 
engine and any multiple thereof. 


For any given unit the natural frequency, at 
which the generator rotor tends to oscillate, can 
be changed by changing the flywheel effect. 

Successful parallel operation calls for cooperation 
between the engine and generator builders. The genera- 
tor manufacturer can be of assistance by furnishing 
technical information and by providing the requisite 
flywheel effect in the gencrator. 


Voltage Regulation 


When an ac generator is furnishing power to a 
steady load, both its specd and voltage remain constant. 
Any sudden increase in load, such as might be caused 
by starting a large motor, will affect both voltage and 
speed. 

The effect on the voltage is an instantaneous drop, 
the extent of which depends on the magnitude of the 
load change and the inherent characteristics of the 
generator. After this instantaneous drop, a further 
and more gradual decrease takes place before the 
automatic voltage regulator can act to bring back 
normal voltage by strengthening the generator field. 
The subsequent rise in voltage is more gradual than 
the drop, due to the reactance of the field windings 
(magnetic inertia) of the exciter and main generator 
rather than the time required for the voltage regulator 
to act. 

Should there be a sudden reduction instead of an 
increase in load, there will be a sudden rise in voltage 
followed by a gradual decrease to normal. 


Such voltage fluctuations duc to change of load are 
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AC GENERATORS 


that can prevent them.. 
tion will depend on: 

1. Kva capacity and| pf rating of the generator. 

2. Inherent regulation of the generator. 

3. Kva and pf of the load change. 

4, Kva and pf of the load the generator is carrying 

when the load change occurs. 

If the above data is available, it is possilole to calcu- 
late the amount of the resulting voltage change and 
thereby determine the effect on the quality of the 
service. 

In general, voltage distatbanes are caused by two 
classes of applications: | 

1. Starting and stopping of motors or other power 

loads, particularly: 

a) Alternating-current elevator motors—for both 
passenger and freight service. 
Pump and compressor motors started and 
stopped frequently by automatic starters con- 
trolled by pressure or liquid levels. 


degree of voltage nuctua- 


Crane and hoist motors. 

Drives requiring frequent reversal of motors. 
Motors using full-voltage starting—particu- 
larly high-speéd motors. 

Induction or dlectric-arc furnaces. 

Spot welders. | 

2. Variation in motor loads, such as: 

a) Air or refrigeration compressors with auto- 
matic loading and unloading devices. 

b) Punch presses and similar machines with 
intermittent loads. 

c) Compressors with insufficient flywheel effect. 

Voltage fluctuations must be given part:cular atten- 
tion in the case of hotels, apartments, clubs, schools, 
libraries, office buildings, hospitals, and other places 
where reading or close: work calls for steady lighting. 
Even a 2-volt drop will cause an observable flicker in 
a 120-volt lamp, and the degree of flicker will increase 
with greater voltage drop. Of course, how objectionable 
the flicker is depends to'some extent on its frequency. 

In considering the degree to which voltage fluctuation 
may be tolerated, there are several classes of equipment 
other than lamps which require unusually good voltage 
regulation: 

X-ray equipraautel 
Motion-picture sound projectors. 
Teletype machines; 
Continuous-tube seam welders. 

Magnetic brakes on some elevator motors may set 
if the voltage drops more than 10 or 15 percent. In 
general, motor control requires a voltege drop of 
40 to 60 percent: e shut pove motors under their 
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Selection of AC Generators 


he intelligent selection of ac generating equipment 
to Imeet the necds of a particular installation fully and 
economically requires mature engineering judgment 
based on expericnce and on:complete information about 
the amount and character of the loads to be carried. 

neluded in this information should be: amount of 
lighting load; amount of power load and its average 
power factor; number and size of motors, with details 
of |control showing whether across-the-line or reduced- 
voltage starting is used and the frequency of starting; 
depree of voltage fluctuation that can be tolerated; 
lodd curve showing the variation of total load through- 
out the day and night. 

Because of the limited capacity cof smaller systems 
compared to large central-station systems, the question 
of |voltage fluctuation is of great importance. If con- 
sideration of the class of service indicates that the 
probable voltage fluctuations would be objectionable, 
consideration must be given to: 

. Reduction of motor starting currents through the 
use of reduced-voltage starting of squirrel-cage 
motors, or even further by the use of wound- 
rotor motors. 

. Use of flywheel m-g sets for part of the load—for 
cushioning the frequent starting of elevator 
motors, for example. 

. Use of separate generators for lighting and for 
power. 

. Use of generators with better than standard 
regulation. 


Load curves are required to permit the determination 


cient operation at times of light load, to provide 
cient standby capacity for emergencies, and to allow 
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TABLE 28—INFORMATION REQUIRED FOR SELECTING 


AC GENERATORS 

GENERAL 
Type of generator (engine, coupled, belted) 
Quantity To be driven by 
Kva.... Pf.... Rpm.... Phase.... Cycles.... 
Ambient temperature C Temperature rise 
Class of insulation: Armature (stator) Field (rotor) 

Is specia] insulation treatment required? 
Are damper windings required? 
Excitation volts de. Type of exciter 
Special characteristics (special efficiencies, etc.) 


MECITANICAL FEATURES 
Protection or enclosure (drip-proof, splash-proof, ete.)........ 
Number of ae Type of bearings 


Voltage.... 


LOAD DATA 

Division of load (motors, lighting, etc.) 

Voltage regulation required 

Make and type of voltage regulator, is used 

Will generator run in parallel with other generators? 
If so, give make and kind 


While the foregoing material does not provide a 
means for solving specific problems, it does indicate 
the importance of providing complete information to 
the builders of the power gencrating equipment. Where 
consulting engineers draw up specifications, these will 


usually give all of the required information. A brief 
outline of the information required will be found in 
Table 28. 


AC GENERATORS 


DIRECT-CURRENT GENERATORS 


The standard kilowatt ratings of standard direct- 
current generators and the approximate kw ranges 
available at the various standard speeds are indicated 
in Table 29. These speeds are approximately the same 
as for 60-cycle synchronous gencrators so that the de 
machines can be used with the same prime movers. 


Speeds of generators direct-connected to internal- 
combustion engines may range from 164 rpm for a 
5000-kw unit to 1200 rpm or more for a 25 or 50-kw 
unit. The lower speeds listed were originally set up for 
the once popular Corliss-type steam engine. Vertical 
multi-cylinder steam engines may have specds up to 
500 or 600 rpm in moderate capacities. 

Since steam turbines perform most economically at 
high speeds, they are usually geared to de generators 
with the maximum permissible speeds for the kw and 
voltage ratings required. 


TABLE 29A—STANDARD KILOWATT RATINGS 
—DC GENERATORS 
GENERAL-PURPOSE GENERATORS AND EXCITERS: 1, 


1-1/2, 2, 3, 5, 7-1/2, 10, 15, 20, 25, 30, 40, 50, 60, 75, 100, 
125, 150. 


LARGE GENERATORS: 175*, 200, 250, 300, 350*, 400, 500, 


600, 700*, 750, 800*, 900*, 1000, 1250, 1500, 1750, 2000, 
2250*, 2500, 3000, 3500, 4000, 4500, 5000. 


*Available only at the low speeds. 


TABLE 29B—APPROXIMATE KW RANGES AT-STANDARD SPEEDS AND VOLTAGES—DC GENERATORS 


125 Volts 
General-Purpose 
Generators Large 
Generators 


Speed in 
Rpm and Jixciters 


250 Volts 600 Volts 
General-Purpose Standard 
Generators Large Large 

and Exciters Generators Generators 


Iligh-Speed 


1800-1750* 34 to 150 —— 
1200-1150* 34 to 150 200 to 250 


900-850* 34 to 150 200 to 300 


720-700 to 150 200 to 500 
600-575* to 150 200 to 600 
514-500 to 150 200 to 1000 


34 to 150 — = 
¥% to 150 200 to 250 200 to 500 
¥, to 150 200 to 750 200 to 750 


to 150 200 to 1250 200 to 1250 
to 150 200 to 1250 200 to 1250 
to 150 200 to 1250 200 to 2500 


Low-Speed 


150 to 1000 
125 to 1000 
125 to 1000 
100 to 1000 


100 to 1000 
100 to 1000 
100 to 1000 

75 to 1000 


75 to 1000 
75 to 1000 
60 to 1000 
50 to 1000 


50 to 1000 
50 to 1000 
40 to 1000 
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150 to 2000 
125 to 2000 
125 to 2500 
100 to 2500 


100 to 3000 
100 to 3000 
100 to 3500 

75 to 3500 


75 to 3500 
75 to 3500 
60 to 3500 
50 to 3500 


50 to 3500 
50 to 3500 
40 to ao 


200 to 2500 
200 to 2500 
200 to 3500 
200 to 4000 


200 to 4500 
200 to 4500 
200 to 5000 
200 to 5000 


200 to 5000 
200 to 5000 
200 to 5000 
200 to 5000 


200 to 5000 
200 to 5000 
aid to 5000 
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Fig. H-83. Diesel-driven 1700-kw, 327-rpm, 
engine-type direct-current generator. 


Standard voltages are 125, 250 and 600 volts for 
2-wire units—125/250 volts for 3-wire units. Special 
voltage generators are| procurable, but the cost is 
usually higher becausd of the added development 
expense. | 

Standard open-type general-purpose generators are 
rated 40 C rise for full-lpad continuous duty. However, 
when operated at rated voltage and speed they will 
carry continuously 1.15 times the rated load without 
injurious temperature | rise, provided the ambient 
temperature does not exceed 40 C. 

Standard open-type low-speed generators and large 
high-speed machines will carry 1.25 times their rated 
load for two hours and Inect the following ‘emperature 
guarantecs: 

Full-Load 2é% Overload 
Continuous for 
Duty Two Hours 
Core and windings...... 40 C 55 C 
Commutator paid 55 C 65 C 


Bare copper windings. 7” 50 C 65 C 


DC Generator Construction 


High-speed generators in the general-purpose class, 
that is, up through 150 kw, are usually furnished for 
coupled service, with: one or two end-shield type 
bearings. Small sizes cah be furnished for close-coupled 
service. These generators have the same external 
appearance as general;purpose de motors. (sec pages 
H-6, H-7, H-38 and Hi39) and are availa’sle with the 
same types of protective features. 

For some speeds, such as 1200 rpm, end-shield 
construction usually can be furnished for ratings up 
to 300 kw at 250 or| 600 volts. Larger high-speed 
generators generally are furnished with one or two 
pedestal bearings for mounting on an extension of the 
prime 
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Fig} H-84. End-shield bearing design is used for the 
smaller de generator ratings. 


ow-specd generators (below 500 rpm) are usually 
furhished in the engine type, that is, without shaft, 
bearings or base. The armature is mounted on the 
engine shaft, and the bearings, and base if required, 
are| supplied by the engine builder. Elowever, coupled- 
type parts, including shaft, bearings, and sole plates 
or base, can be furnished if required. 


Parallel Operation 


f two or more de generators are to be operated in 
patallel, it is essential that, they have the same char- 
acteristics. That is, the terminal voltage drop from 
no|load to full load (with: constant rheostat setting) 
must be the same for all generators to be paralleled, 


idns ineffective, but at the same time the unavoidably 
igh resistances of the transmission lines make such 
unnecessary; generator characteristics 
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the station wiring is such that the voltage drop from 
the equalizer through the series field to the bus bars 
at normal load is the same for all generators. 

Paralleling of generators with and without interpoles 
may be satisfactory under certain conditions but is 
gencrally not recommended. Generators without inter- 
poles have more rapidly drooping characteristics than 
those with interpoles. At best, the interpole generators 
will probably require external resistances in the scries 
circuits. 

To parallel with standby storage battery systems, 
generators should have a rapidly drooping voltage 
characteristic from no load to full load. The generators 
should be either shunt or differentially compound- 
wound. If the batteries are to take the peak load, the 
differential winding should be used so that the generator 
voltage will drop faster with load than the battery 
voltage. 


From the foregoing it is obvious that the manu- 
facturer must be supplied with complete information 
if a generator is to be built to parallel with existing 
generators. The information furnished should include 
the nameplate data together with compounding and 
regulation data and the voltage drop in the series 
winding. 

With this information, the machines can usually be 
fully adjusted at the factory for parallel operation. If 
the information is not available, or if the existing 
generators have very unusual electrical characteristics, 
it will be necessary to make final adjustments in the 
field. 


Three-Wire Distribution 


In three-wire de systems, the lower voltage between 
the neutral and outside wires is used for lighting 


TABLE 30—INFORMATION REQUIRED FOR SELECTING 
DC GENERATORS 

GENERAL 

Type of gencrator (engine, coupled, belted) 

Quantity To be driven by 

Kw.... Rpm.... Voltage: Rated.... Noload.... Fullload... 

Overload. rating (if special) 

Ambient temperature C Temperature risc 

Class of Insulation: Armature... Field... Special treatment... 

Two-wire or 3-wire Percent unbalance (if 3-wire) 


MECITANICAL FEATURES 
Protection or enclosure (drip-proof, splash-proof, etc.)........ 
Number of bearings........ Type of bearings 


Coupling (half, whole, none) Sole plates 
Engine type: Is shaft to be pressed into armature?............ 


LOAD DATA 
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DC GENERATORS 


service, and the higher voltage between the outside 
wires is used for power. This provides an economical de 
distribution system. Its use is usually limited to 120/240 
or 125/250 volts. There are two methods commonly 
used to mect the demands for three-wire service. 


One method uses the so-called three-wire generator, 
with the voltage obtained by means of external auto- 
transformers connected through collector rings to the 
armature windings. 

Basically, the construction of three-wire generators 
differs from that of standard two-wire generators only 
in the addition of two collector rings and suitable 
brush rigging. The rings, which are usually mounted 
on the shaft near the commutator, are connected to 
suitable points of the armature winding. The lead from 
cach ring is connected to one leg of a balance coil, 
which is usually separately mounted. 


To make the compounding of the generator inde- 
pendent of the unbalance of the load, the series fields 
of three-wire generators are split into two circuits. 
One circuit, consisting of the north poles, is connected 
to one side of the armature, and the other, consisting 
of the south poles, is connected to the other side of 
the armature. 

Standard construction provides for an unbalanced 
load of 10 percent. Generators can, however, be built 
for 25 or 50 percent unbalance. 

The other threc-wire system commonly used is the 
rotary-balancer system, which consists of a two-wire 
single-voltage generator operating with a rotary- 
balancing set. 

The rotary-balancer system has several advantages 
that should be carefully considered. Regulation is 
better than in other systems because the balancers 
can be compounded to give full voltage at any desired 
load. Any amount of unbalance can be handled, as 
this depends solely on the size of the balancer. And 
the full capacity of the generator is always available 
whatever the condition of unbalance. 

Table 30 gives an idea of the data required before 
an intelligent selection of a de generator can be made. 


Fig. H-85. Geared 250-kw turbine-generator for 
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Fig. H-86. Four Regulex exciter sets, an 844-kw auxiliary synchronous m-g set, and 3500-kw flywheel m-g set 
supporting 4000-hp, 0-50/1:20-rpm de reversing|blooming mill motor in background. 


MOTOR-GENERATOR SETS 


Motor-generator sets, consisting of a motor and one 
or more generators, are used to transform electrical 
energy from one form to another as follows: 

1. From alternating ‘current to direct current. 

2. From direct current to alternating current. 

3. From direct current to direct current at different 

voltages. 

4. From alternating current to alternating current 

at different frequencies. 


Wherever practicable, motor-generator sets are built 
up of units of standardidesigns; but where this is not 
feasible, spccial combinations are designed to suit the 
requirements. 


Alternating Current ito Direct Current 


Most, electrical systems supply alternating current 
because it can be more, economically transmitted and 
distributed than direct jcurrent. Where direct current 


is desirable or essential, |it can be obtained from an ac 


system by means of an m-g set consisting of an induc- 
tion or synchronous niotor driving a de generator. 
The choice of motor depends upon the conditions 
to be met. 


Induction Motor-Generator Sets 


Alternating-current /direct-current motor-generator 
sets rated less than 50! kw are almost invariably of 
the induction motor-driven type, and most of these 
have squirrel-cage induction motors. (Fig. 87.) They 
are used to supply excitation, lighting, and general 
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nder some conditions, the induction motor is 
preferable to the synchronous motor for driving 
generators of larger capacities. This is true, for example, 
whpbre the load on the generator is of a widely fluctuating 
nature. While the induction motor has the advantage 
of not requiring excitation, its effect on the power 
factor of the system may be undesirable, especially 
when the circuit supplies other apparatus taking a 
lagving current. 

flywheel may be used to advantage with an induc- 
tion set required to supply high peak loads of short 
duration. Since the motor slows down when the load 
is applied, the stored energy in the flywheel then drives 
the generator. This greatly reduces the temporary 
excess load on the m-g set motor and on the main 
generating system. 

ound-rotor motors are also used on flywheel m-g 
sets. The control can be arranged to produce a greater 
speed drop in the wound+rotor motor and thereby 
further limit peak loads on the line supplying the 
m-g set motor. 


Synchronous Motor-Generator Sets 


he chief advantage of using synchronous motors to 
drive the de generators of ta-g sets lies in the power- 
factor corrective effect that can be obtained by over- 
exaiting the field of the motor. In other words, 
synchronous m-g sets can advantageously be used even 
in [fairly small ratings to correct poor power factor 
resulting from induction motors, transformers, are 
lights, and other inductive ‘apparatus on the circuit. 


ynchronous motors do, however, require direct 
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this is not a particularly significant disadvantage 
though, since the set can readily be supplied with a 
direct-connected exciter. In fact, the m-g set generator 
can, if its voltage is not much above 250 volts, supply 
the required excitation. ig. 88 shows a large syn- 
chronous motor driven motor-gencrator sct. 


Direct Current to Alternating Current 


Although m-g sets for conversion of direct current 
to alternating current are not in great demand, they 
can readily be supplied if required. Such a combination 
includes a de driving motor coupled to an ac generator. 


Direct Current to Direct Current 


Motor-generator sets consisting of de motors driving 
de generators are used to furnish a circuit with a 
voltage different from that of the main power circuit 
or with a voltage that can be varied independently. 
Where a sct supplies a special voltage circuit, the set 
also serves to insulate the main and special circuits 
from cach other if their requirements differ. 


Boosters sets are uscd when the load on some feeders 
in a de distribution system requires a voltage regula- 
tion for which the main generator cannot be adjusted 
without disturbing the potential at other parts of the 
system. The booster, connected in series with one wire 
of the feeder, keeps the voltage constant or varying 
to suit local conditions. 

This method frequently has been used by central 
stations to compensate for line loss in long runs. It is also 
used to raise the voltage for battery charging. Booster 
gencrators arc usually driven at constant speed by 
shunt-wound motors receiving power from the line. 

A three-unit balancer is sometimes employed in 
connection with a standard single-voltage de generator 
to produce a multi-voltage supply from which de 
motors may be operated at various speeds. 

For example, a three unit balancer gencrating 40, 
80 and 120 volts used in connection with a 240-volt 


Fig. H-87. Two 15-kw induction m-g sets used for 
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generator would supply six voltages to the motors so 
that they could be run at six different speeds. In 
addition, field and armature control can be used to 


TABLE 31 


NEMA KILOWATT AND SYNCHRONOUS SPEED RAT- 
INGS FOR 60 CYCLE 2 AND 3-PITASE SQUIRREL-CAGE 
INDUCTION MOTOR-DRIVEN SETS 


Generators: 125 or 250 VY Shunt or Compound-Wound 
Motors: 110, 220, 440, 550 and 2300 V. 


Generator Motor Motor Voltage 


Rating Rating 110  208-220-440-550 2300, Threc-Phase 
Kw Hp Synchronous Speed—Rpm 
1 2 1800 1800 pias wai 

ye 3 1800 1800 
1800 1800 

1800 1800 

1800 

1800 

1300 

1800 

1800 

1800 

1800 

1800 

Sai 1800 

100 aes 1800 

125 ects 1800 

100 150 shed 1800 
125 200 Gee 1800 
150 250 Stee 1800 


*250-volt generators only. 


TABLE 32 


NEMA KILOWATT AND SYNCHRONOUS SPEED 
RATINGS FOR 60 CYCLE SINGLE-PHASE 
MOTOR-DRIVEN SETS 


Generators: 125 or 250 V Shunt or Compound-Wound 
Motors: 110 or 220 V 


Generator Motor Synchronous 

Rating Rating Speed 

Kw IIp Rpm 

1 1800 

iy 5 1800 

2 1800 

1800 

*5 1800 

*230-volt motor only. 


Fig. H-88. Synchronous m-g set rated 500 kw, 900 
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increase or decrease the speed of the motors from the 
six fundamental speeds, thus providing a wide range 
of easy control. 

As has already beer noted in the discission of de 
generators, a two-unit balancer can be used to change 
a single-voltage, two-wire de system into a three-wire 
system. 


Alternating Current to Alternating Current 


Frequency-changer seis normally consist of a syn- 
chronous motor driving a synchronous generator, but 
occasionally an induction motor is used to drive the 
synchronous gencrator., 

Since there is a fixed|relationship between speed and 
frequency, the number of poles for the motor and 
generator must be, chogen so that the two frequencies 
desired will be obtained|at the same specd. lor example, 
in changing from 60 to|25 cycles a 300-rpm set can be 
used; in this case the motor would have 24 poles and 
the generator 10 poles. : 

Frequency changers: are used (a) to interchange 
power between two systems of different frequencies, 
or (b) to supply power at either a higher or lower 
frequency than that of the available supply. 

Another means of. changing frequencies is the 
induction frequency converter set, consisting of a wound- 
rotor induction machine driven by a suitable motor. 

The primary circuits of the wound-rosor machine 
are connected to a fixed-frequency source of electric 
power. The secondary circuits deliver power at a 
- frequency proportional: to the relative specds of the 
primary magnetic field and the secondary (rotating) 
member. If a frequency higher than that of the power 
lines is desired, the rotor of the frequency converter is 
driven in the iecesd opposite to that in which it 
would run as a motor. 

By using a multi-speed or varying-specd driving 
motor, the converter can deliver a secondary frequency 
that varies to suit the requirements. It; should be 
noted that the secondary voltage of the wound-rotor 
machine varies directly as the secondary frequency. 

Tables 31, 32, 33 and 34 give the stancard NEMA 
ratings for motor-generator scts. 


TABLE 33 


NEMA KILOWATT AND SYNCHRONOUS SPEED 

RATINGS FOR 60 CYCLE 2 AND 3-PHASE SYN- 

CHRONOUS MOTOR-DRIVEN SETS, 0.8 POWER 
FACTOR LEADING AT FULL LOAD 


Generators: 125 or 250! V Shunt or Compound-Wound 
r Motors: 220, 440, 550 or 2300 V 


Generator : Motor Synchronous 

Rating | Rating Speed 

Kw ! Hp Rpm 

50 | 75 1200 

60 ' 100 1200 

75 125 1200 

100 150 ian 
125 200 


TABLE 34 


NEMA STANDARD KILOWATT AND SPEED RATINGS 
FOR SYNCITRONOUS MOTOR-GENERATOR SETS 200 
KW AND LARGER 


125 Volts+-60 Cycles 
Speed ie 
Itpm of Set 
1200 Two-Unit 
1200 Two-Unit 
1200 Three-Unit 
900 Two-Unit 
1200 Three-Unit 
720 Two-Unit 
1200 Three-Unit 
720 Two-Unit 
900 Three-Unit 
720 Three-Unit 
720 Three-Unit 


250 Volts—-60 Cycles 
1200 Two-Unit 


1200 Two-Unit 
1200 Two-Unit 
1200 Two-Unit 
1200 Two-Unit 
900 Two-Unit 
900 Two-Unit 
720 Two-Unit 
720 Two-Unit 
514 Two-Unit 
360 Two-Unit 
720 Three-Unit 
720 Three-Unit 
514 Three-Unit 
: 360 Three-Unit 
600 Volts--60 Cycles 
300 1200 
500 1200 
600 900 
750 : 900 
1000 : 720 
1250 » 720 
1500 ' 514 
1750 514 
2000 514 
2000 720 
2500 :§14 
2500 720 
3000 - 360 
3000 : : 614 
3500 514 
4000 514 
5000 ‘514 Three-Unit 
6000 360 Three-Unit 
Standard rating for two-unit motor-generator sets above 
00 kw, 514 rpm, will be in steps of 500 kw. 
Standard rating for three-unit motor-generator sets above 4000 
), 514 rpm, will be in steps of 1000 kw. 


Two-Unit 
Two-Unit 
Two-Unit 
Two-Unit 
Two-Unit 
Two-Unit 
Two-Unit 
Two-Unit 
Two-Unit 
Three-Unit 
Three-Unit 
Three-Unit 
Three-Unit 
Three-Unit 
Three-Unit 
Three-Unit 


Fig. H-89. Two 2500-kva, 600-rpm, 40 /60-cycle 
freaquency-changer sets. Generator in background has 
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ALLIS-CHALMERS PRODUCTS 


POWER GENERATION 


STEAM TURBINES ... for all power plant applica- 
tions .. . ship propulsion. 
GAS TURBINES ... for use with axial blowers in 
process work ,.. power generation .. . locomotives. 
HYDRAULIC TURBINES ... Francis, propeller and 
impulse types ... all sizes. 


GENERATORS . . . synchronous, induction, direct 
current... vertical and horizontal . . . all sizes. 


GENERATOR VOLTAGE REGULATORS... for 
providing constant ontput voltage on generators of all 
sizes, 


SYNCHRO-OPERATORS ... for full automatic 
synchronizing of ac generators. 


CONDENSERS .. . surface and jet types complete 
with condensate and circulating pumps and drives 
... air ejectors. 


BOILER FEED PUMPS .. . drives. 


WATER CONDITIONING equipment, chemicals 
and service. 


POWER TRANSMISSION AND 
DISTRIBUTION 


POWER TRANSFORMERS ... all sizes, including 
load-ratio control, regulating, phase-shifting, rectifier, 
furnace, and welding types. 

DISTRIBUTION TRANSFORMERS ... urban and 
rural types, net-work, subway, vault, non-inflammable, 
and dry types. 

INSTRUMENT, METERING TRANSFORMERS... 
complete line. 

FEEDER VOLTAGE REGULATORS ... for station, 
distribution and branch service. 

SWITCHBOARDS to suit application. 
SWITCHGEAR .. . vertical lift metal-clad. 
CIRCUIT BREAKERS .. . oil, magnetic and air 
blast types . . . outdoor and indoor... manual and 
automatic. 

MOTOR CONTROL . . . standard and special for 
motots of all sizes above 1% hp. 
UNIT SUBSTATIONS ... 


single circuit, multi- 
circuit and load center types. 


POWER CONVERSION 


RECTIFIERS .. 


. mercuty arc power, with metal 


tanks, single and multiple anode . . . also permanently 


evacuated type. 


MOTOR-GENERATOR SETS .. . 


all sizes, with 


synchronous ot induction motor drive . . . frequency 


changers ... 


converters. 


SYNCHRONOUS CONDENSERS ... for power 
factor correction and improvement of system stability. 


GENERAL INDUSTRIAL PRODUCTS 


ELECTRIC MOTORS .. . all types, synchronous, in- 
duction, direct current, 1 hp up to largest .. . motor 
control. 

TEXROPE DRIVES, multiple v-belt . . . cast iron and 
pressed steel sheaves . . . variable speed . . . speed 
changers. 

CENTRIFUGAL PUMPS... single and multi-stage 
... 10 to 300,000 gpm. 


COMPRESSORS ... rotary sliding-vane. 


BLOWERS ... single and multi-stage centrifugal ... 
axial. 


DIELECTRIC HEATERS ... for heating, dehydrating, 
bonding, non-conducting materials. 


INDUCTION HEATERS ... for heating, brazing, 
melting, metals. 


METAL DETECTORS ... electronic device that safe- 
guards quality ... prevents damage to machinery. 


OTHER ALLIS-CHALMERS PRODUCTS 


ROCK AND ORE CRUSHERS, VIBRATING SCREENS, GRINDING MILLS, WASHING EQUIP- 
MENT .. . KILNS, COOLERS, DRYERS . . . COPPER AND NICKEL CONVERTERS . . . FOUNDRY 
SHAKEOUTS AND ELECTRONIC CORE DRYERS ... HYDRAULIC LOG BARKERS ... GRAIN 
AND CHEMICAL MILLING MACHINERY ... SOLVENT EXTRACTION PLANTS... BETA- 


TRONS ... WHEEL AND TRACK-TYPE TRACTORS . . 


- TRACTOR DRAWN FARM IMPLE- 


MENTS ... ROAD AND CONSTRUCTION EQUIPMENT ... GASOLINE POWER UNITS. 
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ALABAMA i 

Birmingham 3, 2000 oe Ave, Notth.......... 4.5494 
ARIZONA 

Phoenix, 30 West Madison Stoves ees 2 a Alpine 3-2159 
CALIFORNIA i 

Los Angeles 13, 4i7} S. Hill Se... Medison 6-2231 
San Diego 1, 747 Ninth Ave. .........Main 8-4684 
San Francisco re 650 Hartison St....... Douglas 2-8384 
COLORADO | 

Denver 2, 1920 Barker Stacie leaks Cherry 6556 
CONNECTICUT i 

Hartford, 750 Main St... voce ee....... Hartford 46-5675 
New Haven 10, 157 Church Sli. colnet sents State 7-1176 


DISTRICT OF COLUMBIA 
Washington 5, 14th & H Sts., N. W.... Executive 3-2800 


FLORIDA | 


Jacksonville 7, 2031 Hendricks Ave............. 98-1651 
Miami 32, 25 S. E. Bnd Ave.......0..0., Miami 2-7744 
Tampa 2, 405 S. Morgan Ste Att a eis 2-8371 
GEORGIA 

Atlanta 3, 57 Forsythe St, N.W.......0... Walnut 7116 
ILLINOIS 

Chicago 3, 135 So: LaSalle St......... Franklin 2-6480 
Peoria 2, 301 S. Adams St.... 0.0.0.0... 0. eee 4-9279 
Rockford, 303 North Main St.......... 2.055 5-5721 
INDIANA : 

Evansville 9, 129 Locust St.....0. 0000000000000. 4-8219 
Indianapolis 4, 11 i Meridian St.......... MArket 7415 
IOWA 

Davenport, 326 wi third Stytecdots le teteudgel ad 3-9793 
KANSAS : 

Wichita 2, 111 Soi Main Sto... 0.0.2... eee ee 3-9762 
KENTUCKY. 

Louisville 2, 241 S, Fifth St............ .... Clay 7656 
LOUISIANA 

New Orleans 12, 210 Baronne St.. Hermon aoc 
Shreveport 23, 624 Travis St... ee 
MAINE i 

Augusta, 269%4 Water Sire eA Need nt alles Augusta 463 
MARYLAND 

Baltimore 18, 1115 East 30th St...... HOpkins 7-4480 
MASSACHUSETTS 

Boston 16, 31 Sc. James Ave.. ......HAubbard 2-3700 
MICHIGAN | 

Detroit 2, W. Grand Blvd. & 2nd Blvd. . Trinity 1-2300 
Grand Rapids 2, 5-7 Lyons St, N. We... 9-8249 
Jackson, 297 Ww. (Michigan Ave Me Acie w nusiche athe b Onion 2-2419 
MINNESOTA | 

Duluth 2, 10 E. Seuceue Sten dara RMnaricagsinte 7-5061 
Minneapolis 2, 8f1 Marquette Ave.......ATlantic 6455 
MISSOURI : 

Kansas City 6, 6/East tlth St.......0.00.. Victor 0132 
St. Louis 3, 120 Olive Seo... ee Central 4313 
NEBRASKA | 

Omaha 2, 14th j& Farnam Sts......... Atlantic 1780 
NEW JERSEY} 

Newark 2, 1060 ee) Senta FIRS os Market 3-7170 


Distributors in all principal cities throughout the United States 


Offices and distributors located throughout the world 
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_— SALES OFFICES mn 


Ren ree Washington 1741 
.... Beekman 3-9100 
de Miata ees Baker 7510 
Syracuse 3-0147 


ifthe eae ds Portage 7648 


_. Main 7300 
Cleyeland 14, 815 ee Ave., 'N. E..... Main 1-5182 
Toledo 4, 245 Summit St......0 0.00.0 eee Adams 5269 


Youngstown 3, 25 E. Boardman St.....Riverside 3-5175 


Poftland 4, 520 S. W. 6th Ave........ Capitol 9835 


Philadelphia 3, 1617 Pa. Blvd....... Rittenhouse 6-8412 
Pittsburgh 19, 421 Seventh Ave......... Atlantic 1-4154 
Whikes-Barre, Market & Franklin Sts.. (Bell) W.B. 3-2413 
Yadrk, 42 East King St................... York 5415 


Khoxville 2, 531 S. Gay St..............-0.-. : 
emphis 3, 4G N. Thitd St.................. 5-0583 


Ej Paso, Corner Oregon & Mills StS... eee eee ee 3-7439 
Forte Worth 1, 408 West 7th St.......... FAnin 5083 
ouston 3, 1719 McKinney Ave......... Preston 7188 
San Antonio 5, Commerce and Main Ave....... G-7022 


eattle 1, 1318 4th Ave. ..........00,.., Main 3797 
Ipokane 1, West 422 Riverside Ave. ...Madison 0185 


WEST VIRGINIA 
Charleston 1, 179 Summers St.................39-505 
WISCONSIN 
Milwaukee 2, 715 N. Van Buren St..—BRoadway 1-4729 
CANADA 
ontreal, Quebec, 1520 Mountain Se......... Ma. 2411 
oronto, Ontario, 629 Adelaide St, W... Empire 4-0486 


innipeg, Manitoba, 56 Albert St............. 92853-5 
algary, Alberca, 805 Greyhound Bldg,...... Main 5880 
ancouver, B. C., 1200 W. Fender St...... Tatlow 4728 
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MOTORS AND GENERATORS 


Subject Subject 


Induction, see induction 


Insulation limits 


Ratings 
Generators Selecting 


Alternating current Speed characteristics 


. Synchronous—se chronous 25-32 
Construction y e synchronous 


Temperature limit 
Parallel operation pera Imits 
Regulation 


Selection 


Induction Motors 
Applications 
Characteristics 
Comparisons with synchronous 
Construction features 
Design classification, NEMA 


Double cage 
Synchronous Motors 


Standard 


Frame sizes 

Multi-speed 

Operation on off-standard circuits 
Torques 


Wound-rotor 
Protection of 


Introduction Speeds, standard 
Motors, general Starting 
Bearings Torque requirements 
Comparisons Vertical 
Cooling Voltages, standard 
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Here’s a pump specially designe 
tion to hundreds of everyday pumping jobs. It offers you 
top value for your pumping dollar because it has -all the 
quality features that you need to keep your pumping costs 
low, yet its price is exceptionally low. 


Of quICK, easy applica- 


Quality Features. You get high grade construction, 
such as ball beatings, mechanical shaft seal, and generous 
metal sections. Built to the same top quality precision 
standards as all Allis-Chalmers pumps. 


Easy Installation. The Allis-Chalmers frame type pump 
is built for V-belt drive. 

positions and connected to any type of prime mover with- 
out difficult alignment problems. 


ide Range. 

pumping jobs requiring capacities up to 500 gpm and 
heads as high as 135 feet. Head and capacity can be 
changed by simply changing sheave size on the V-belt 
drive. One pump can serve you many places with only 
this simple change. 


Low Maintenance. Rigid base holds alignment, keeps 
bearing wear down. Mechanical seal requires no attention 
in normal service. Wearing rings on larger pumps mean 
efficiency can be mairitained easily through years of service. 


petitive price, you'll find it among these Allis-Chalmers 


' frame type pumps. 


D ALLIS-CHALMERS” 
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, : packing unnecessary, ° is 
--Astinger and seal assembly good for hundreds. of hours 


L: “keeps liquid out of bear- of operation without atten. 


igs well supported in a corrosion. x 
gid cast iton frame carry 

“lie shaft. Bearings are 

” gfease lubricated through a 
Sngie point in the frame. 


¢ 5 a 2 
Rs ngle tow bali bear: ings,| prevents rust and — fion. 
i sup 


bast iron frame pre, y, 
vibration, . maintains, 
griment. Mounti holt 


Mechanical seal makes 

packing unnecessary, is 
Two single row ball bear- good for hundreds of hours 
Ings well supported in a of operation without atten: 
rigid cast iron frame carr tion. 
the shaft, Bearings are ; 
grease lubricated through a A Slinger and seal assembly 
single point in the frame. keeps liquid out of bear- 

; ings, prevents rust and 
cofrosion, 


Rigid cast iron frame pre 
vents vibration, maintaing 
alignment. Mounting bol 
holes are easily accessible. 


‘Mechanical seal __ makes 

packing unnecessary, -is.. 
good for hundreds of hours 

at operation without atten- 
on. Seat 


A slinger and seal assembly 

keeps liquid out of bear- 

ings, | prevents rust and 
“S"gorrogion: : 


raOu 


AS AAAN Li 


Cast and machined bronze 
impeller is of open type. 


“Precision cast: bronze im- 


ele Is of enclosed: type. 
mooth surfaces inside and 
out speed water flow, keep. 


efficiency high. 


Cast bronze impeller is of 
enclosed type. Smooth sur- 
faces inside and out speed 
water flow, keep efficiency 


high. Wearing rings front 


and_rear_on larger sizes, 
front only on scales sizes. 
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DIMENSIONS IN INCHES. 


DIMENSIONS IN INCHES 
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ALLIS-CHALIMERS: 


¢ High Capacity Scalping 


«Wet and Dry Screening - 


\ _ Screening Sticky Ores 


° ALLIS-CHALMERS —__ 


MILWAUKEE 1, WISCONSIN 
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Here is Allis-Chalmers complete line of — r 


vibra ine recns ) ne | mMminine na 


FT taraees £7, 


ROM SCREENS for Primary Scalping, Maximum Size 3 ft. 


Heavy duty screens designed to scalp ahead of primary crushers . . . to handle feed direct from mine 
in lumps up to 3 ft. diameter. Capacity 1000 tph. These screens are furnished with a variety of decks to 
suit each application, such as the step deck with gtizzly bars (page 3, top photo), or plate deck with 
skid bars for openings 4 to 10 inches. © 


A conjplete line of extra heavy duty two-beam Style C vibrating screens are also built by Allis- 
Chalmers for this service. 


SCALPING elas for Sticky . res, Maximum Size 16 in. 


Two types of decks are available for handling stidky ores, approximately 16 in. maximum feed size. 

. These are the step deck with double tapered grizdly bars shown at the bottom of page 3, and the free 
discharge rod deck shown at bottom of page 4. The|grizzly bar deck has openings 4 to 10 inches; the 
rod deck has openings 1 to 3 inches, using 54 to 1 in. diameter rods. : 


Both screen decks have a step construction whiqh results in free discharge of the material through 
the bars or'rods and assists in turning the lumps ovqr on the screen to prevent fines from riding on top 
of the lumps. 


tele] yam SCALPING SCREENS 


Used for scalping ahead of secondary or tertiary crpshers . . or for preparing grinding mill feed. Rods 
are mounted in rubber on a ste design deck. Maxitnum size is approximately 6 in. Rod deck screens 
are furnished in various sizes with openings 3/16 to P% in., using 4% or 1% in. diameter rods. 


CONVENTIONAL [XUN CRIES 


A wide range of sizes of Low-Hvad and Ripl-Flo vibrating screens are available for essentially all wet and 
dry screening applications. These Allis-Chalmers scregns are well known throughout all industry for their 
excellent petformance and stamina despite heavy-going demands. 


TIT WAM ahh SEPARATION 


Ieerebesirss 


The success :of the heavy media process is due in large measure to the successful operation of the Low- ° 
Head vibrating screens used as primary screens ahead|of the heavy media separator and as media recovery 


wash and drain screens followir.g the separator. ; 


Allis-Chalmers pioneered in the development of|screens for this important process. In heavy media 
plants, Low-Head screens are by far the most widely| used screens. Allis-Chalmers builds Low-Head 
screens in sizes for every capacity needed in this process. 


Approved For Release 1999/09/10 : CIA-RDP83-00423R001200450002-7 
| CPYRGHT 


| CPYRGHT .~° 
‘x Approved For Release 1999/09/10 : CIA-RDP83-00423R001200450002-7 


HEAVY DUTY SCALPING SCREENS Eztaiteliiice 


_,.. WITH STRAIGHT GRIZZLY BARS 


1. No wedging — straight grizzly 
bars set to provide flared open- 
ings. 


Easy to replace screen — griz- 
zly bar assembly made in panels 
for bolting to screen body. 


3. Openings 4 to 10 in. 


Double tapered grizzly bar deck. 


No wedging! Grizzly bars set 
to provide flared openings, 
tapered from back to front and 
from top to bottom. 


Easy to replace screen surfaces. End view — bars tapers 
Grizzly bar assembly made in from top to bottom. 
panels for bolting to screen 

body. 


Openings 4 to 10 inches. 


Capacity 1000 tph or more. 


Top view — bars tapers 
from back to front. 
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ALPING SCREENS. for ROM ores 


.. WITH STEEL PLATE DECK 


1. Steel plate deck with skid bars. 


2. Square openings 3 to 10 inches. 


3. Plate deck bolted to screen body. 


Steel plate deck with 4 in. square open- 
ings and rectangular skid bars. 


ores” 


beg 
ee 


Step deck for openings 1 to 3 
in. using free discharge rods. 
Rod diameters 5/8 to 1. inch. 
Maximum size feed 16 in. when 
using 2 in. opening and 17 in. 
diameter rods. 

Low replacement cost. Only 
worn rods need be replaced. | 
Rods are grouped in small - 


panels . , . spaced with metal 
spacers. 


Free discharge rod deck. 


eres oo RSA SE SHPARULT. on ARE Af AERO, RAN AR a A le A SNES TE TE SI RS SEA RS A AR Ra a a al 
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= for scalping ahead of secondary or tertiary crusher 


Screen with rod deck for han- 
dling maximum size feed of 6 
inches. 


Openings 3/16 to 3/4 inch. 


Rod diameters: 3/8 or 1/2 inch 
diameters, 


Screens have about double the 
capacity of square mesh screens. 


Deck construction makes it easy 
to replace. individual rods. 


Rods grouped in small panels. 


LOW-HEAD TERS RIPL-FLO 
SCREENS i . SCREENS 


A horizontal screen with straight-line vibratory 
motion at 45° to the horizontal. Screen openings 
% to 3 inches. Available with plate or wire 


A two-bearing inclined screen for moderate to 
heavy-duty sizing. Vibrating mechanism is located 
between decks. Floor mounted or suspended. 


screen surfaces . . . or with crowned decks to Available in extra heavy duty type for wet or 
prevent whipping of screen surface. Sizes 3x6 dry scalping or coarse sizing. Sizes 3x6 to 
to 6x16 ft. 6x16 ft. 


Approved For Release 1999/09/10 : CIA-RDP83-00423R001 20045000271 


n 


Approved For Release 1999/09/10 : CIA-RDP83-00423R001200450002-7 ,. 


Cross-Section of 
Screen Deck. 


Vibrating Screen with 
Wedge Bar Deck. 


Partition permits handling of sink and 
float products. Two partitions permit 
handling sink, float and middlings. 
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ALLIS-CHALMERS SCREENS in sink-float process 


RIPL-FLO 
SIZING SCREEN 


FINES TO CONCENTRATION 


LOW-HEAD 
PRIMARY sar 


HEAVY MEDIA 
SEPARATOR 


LOW-HEAD MEDIA 
RECOVERY SCREENS 


CONCENTRATE TAILINGS 


RETURN TO 
SEPARATOR 


TO MEDIA CONCENTRATING 
CIRCUIT 


ae ~ Typical flow-sheet, showing how horizontally oper- - . screens are used as primary screens ahead of the 
ated Low-Head screens are used in the sink and heavy’ media separator and as drain and> wash 
float. process. These Allis-Chalmers vibrating screens for media recovery following the separator. 
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ORE CAR SHAKER 


Install a car shaker to reduce unloading time and 
eliminate dangerous ‘manual operation. Allis-Chal- 

~ mers builds an ore car shaker with increased clear- 
ance above the top: of the cars for high loads. 
Tests indicate that ore cars can be unloacled in an 
avérage time of twd minutes and at a saving of 
approximately $3.00} per car. 


Ore car shaker for unloading 
underground iron ore. 


_ RIPL-FLO SCREENS 

‘ Two-bearing inclined screen for 

: coarse fo fine, wet or dry sizing, 
or for rinsing or scalping. 


STYLE C SCREENS LOW-HEAD SCREENS 

For extra heavy duty scalping. A hprizontally operated screen 
Can handle ROM pieces 3x4 ft. for wet or dry screening, rins- 
in size, weighing 3000. pounds. ing, \dewatering. 2% to 10 mesh. 


4 


ALLIS-CHALMERS 
BUILDS — 
VIBRATING 
SCREENS | 
FoR Any. 
APPLICATION! 


UTAH ELECTRIC _ THERMO-DECK . 


“we 


AERO-VIBE SCREENS 

For medium to fine materials up 
to 3-in. size. Makes separations 
1¥ in. square t> 35 mesh, 


SCREENS 


For screening fine materials — 
10 tp 35 mesh (dry) or 10 to 46 
mesh (wet). Easy to regulate. 


/ HEATING UNIT 


Screens fine, moist materials with- 


. out binding. Heated sfreen cloth 
: ramains apn continously. 


Fi 


The Allis-Chalmers representative jin your.area is a trained application engineer. Without 
obligation, he’ll come into your pfant, look over your equipment, and make recomimenda- 


tions that will make your screeni 


tah, Thermo-Deck are 


mpproved| For ‘Release 1 seit? Ci P83. 


B operations more profitable. 
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